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METHODS AND APPARATUS FOR HOLDING AND POSITIONING 
SEMICONDUCTOR WORKPIECES DURING ELECTROPOLISHING 
AND/OR ELECTROPLATING OF THE WORKPIECES 

5 BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to methods and apparatus for holding 
and positioning semiconductor workpieces during processing of the workpieces. 
More particularly, the present invention relates to methods and apparatus for holding 
10 and positioning semiconductor workpieces during electroplating and/or 
electropolishing of semiconductor workpieces. 

2. Description of the Related Art 

In general, semiconductor devices are manufactured or fabricated on disks of 
semiconducting materials called wafers or slices. More particularly, wafers are 
15 initially sliced from a silicon ingot. The wafers then undergo multiple masking, 
etching, and deposition processes to form the electronic circuitry of semiconductor 
devices. 

During the past decades, the semiconductor industry has increased the power 
of semiconductor devices in accordance with Moore's law, which predicts that the 
20 power of semiconductor devices will double every 1 8 months. This increase in the 
power of semiconductor devices has been achieved in part by decreasing the feature 
size (i.e., the smallest dimension present on a device) of these semiconductor devices. 
In fact, the feature size of semiconductor devices has quickly gone from 0.35 microns 
to 0.25 microns, and now to 0.18 microns. Undoubtedly, this trend toward smaller 
25 semiconductor devices is likely to proceed well beyond the sub-0. 1 8 micron stage. 
However, one potential limiting factor to developing more powerful 
semiconductor devices is the increasing signal delays at the interconnections (the lines 
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of conductors, which connect elements of a single semiconductor device and/or 
connectanynuntUrofserrucondu^rdeviccs.ogeW.Asu.efeavuresae.f 

to souare of the Action in feature size. In contrast, »• **»■ d * " 

the reduction in feature size. 
10 oneconventaaiapproachtocomper^efortoincreaseininterconnecuon 

dcUy has beento add more layers of metal. However, this approach has the 
^vantage of inching production cos* associated with forming the additional 
of metal. Fur—these additional iayers of me., general additional 
heat which can be adverse to both chip performance and reliability. 
15 Consequently, the semiconductor induary has starfcd to use copper rather<han 

.uminumtoformtherne^in—Uons. One advantage of copper is that it has 

load) than aluminum. 

20 However.beforecoppercanhewidelyusedbymesemiconducwrindus.y, 
formed on a wafer using an eiearoplatmg process and/or etched using an 

25 appiiedtothewafe, Thus, a wafer chu* is needed for holding the wafer and 
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applying the electric charge to the wafer during the electroplating and/or 
electropolishing process. 

SUMMARY OF THE INVENTION 
5 In an exemplary embodiment of the present invention, a wafer chuck assembly 

for holding a wafer during electroplating and/or electropolishing of the wafer includes 
a wafer chuck for receiving the wafer. The wafer chuck assembly also includes an 
actuator assembly for moving the wafer chuck between a first and a second position. 
When in the first position, the wafer chuck is opened. When in the first position, the 
1 0 wafer chuck is closed. 

DESCRIPTION OF THE DRAWING FIGURES 
The subject matter of the present invention is particularly pointed out and 
distinctly claimed in the concluding portion of the specification. The present 
1 5 invention, however, both as to organization and method of operation, may best be 
understood by reference to the following description taken in conjunction with the 
claims and the accompanying drawing figures, in which like parts may be referred to 
by like numerals: 

Fig. 1 is a top view of an exemplary embodiment of a wafer-processing tool; 
20 Fi 8- 2 is a cross sectional view of the wafer-processing tool shown in Fig. 1 

taken through line 2-2; 

Fig. 3 is another cross sectional view of the wafer-processing tool shown in 
Fig. 1 taken through line 3-3; 

Fig. 4 is a flow chart for processing wafers using the wafer-processing tool 
25 shown in Fig. 1; 
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Fig. 5 is atop view of an alternative configuration of the wafer-processing tool 

shown in Fig. 1; 

Fig. 6 is a cross sectional view of the wafer-processing tool shown in Fig. 5 

taken through line 6-6; 
5 Fig. 7 is another cross sectional view of the wafer-processing tool shown in 

Fig. 5 taken through line 7-7; 

Fig. 8 is a top view of another alternative configuration of the wafer- 

processing tool shown in Fig. 1 ; 

Fig. 9 is a top view of still another alternative configuration of the wafer- 

10 processing tool shown in Fig. 1 ; 

Fig. 10 is a top view of yet another alternative configuration of the wafer- 

processing tool shown in Fig. 1; 

Fig. 11 isacross sectional view ofthe wafer-processing toolshown in Fig. 10 

taken through line 1 1-1 1 ; 
15 Fig. 12 is another cross sectional view ofthe wafer-processing tool shown in 

Fig. 10 taken through line 12-12; 

Fig. 13 is another alternative configuration ofthe wafer-processing tool shown 

in Fig. 1; 

Fig. 14 isacross sectional view ofthe wafer-processing tool shown in Fig. 13 

20 taken through line 14-14; 

Fig. 15 is another cross sectional view ofthe wafer-processing tool shown in 

Fig. 13 taken through line 15-15; 

Fig. 16 is a cross sectional view of an exemplary embodiment of an 
electroplating and/or electropolishing cell; 
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Fig. 17 is a top view of a portion of the electroplating and/or electropolishing 
cells shown in Fig. 16; 

Figs. 18A through 18C are cross sectional view of an exemplary embodiment 
of a wafer chuck assembly; 
5 Fig. 19 is a cross sectional view of an alternative configuration of the wafer 

chuck assembly shown in Figs 18A through 18C; 

Fig. 20 is a cross sectional view of another alternative configuration of the 
wafer chuck assembly shown in Figs. 18A through 18C; 

Fig. 21 is a cross sectional view of still another alternative configuration of the 
1 0 wafer chuck assembly shown in Figs. 1 8 A through 1 8C; 

Figs. 22A and 22B are cross sectional views of yet another alternative 
configuration of the wafer chuck assembly shown in Figs. 18A through 18C; . 

Fig. 23 is a cross sectional view of an exemplary embodiment of a wafer 

chuck; 

1 5 Fig. 24 is a cross sectional view of an alternative configuration of the wafer 

chuck shown in Fig. 23; 

Fig. 25 is a cross sectional view of another alternative configuration of the 
wafer chuck shown in Fig. 23; 

Fig. 26 is a cross sectional view of still another alternative configuration of the 
20 wafer chuck shown in Fig. 23; 

Fig. 27 is a cross sectional view of yet another alternative configuration of the 
wafer chuck shown in Fig. 23; 

Fig. 28 is a cross sectional view of another alternative configuration of the 
wafer chuck shown in Fig. 23; 
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Fig .29U a c I o S ss e cdo„»Wiewof St i 11 a™> te al t ema 1 iveconflguradonof*e 

wafer chuck shown in Fig. 23; 

Fig .30isac roSS secUo ro .vie W ofye t a„o*e,a.,ema t ivec 0 , 1 fig^on<, fte 

wafer chuck shown in Fig. 29; 
5 Figs. 31 A and 31B are side views of an alternative configuration of an 

electroplating and/or electropolishing station shown in Fig. 16; 

Figs . 32Aand32B are top viewsofthe electroplating and/or electropolishn.g 

station shown in Figs 31 A and 31B; 

Klg , 33A and 33B are front views of the expiating and/or electrcpoiishing 

10 stationshowninFigs.31Aand31B; 

elKtropolishingceU shown in Figs.31 through 33; 

Fig . 35 is a side view of* exemplary embodiment of fte expiating 

and/or eiectropoUshin? cell shown in Fig. 34; 

Hg.Misa.opviewofaponionof^electropUnngand/orelectropoUshing 

cell shown in Fig. 34; 

Fig. 37 is a side view of the portion shown in Fig. 36; 
Fig. 38 is a top view of another portion of the electroplating and/or 
electropolishing cell shown in Fig. 34; 
20 Fig. 39 is a side view of the portion shown in Fig. 38; 

Fig, 40A and 40B are a cross sectional views of the portion shown in Fig. 38 

taken through line 40; 

Rg .4,Uae ro sssec„ona.viewofftepor« i onshowninFig.38 Bk en to ,«gh 

line 41; 
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Fig. 42 is another cross sectional view of the portion shown in Fig. 38 taken 
through line 42; 

Fig. 43 is a cross sectional view of a portion of the electroplating and/or 
electropolishing cell shown in Fig. 34; 
5 Fig. 44 is a perspective view of another portion of the electroplating and/or 

electropolishing cell shown in Fig. 34; 

Fig. 45 is a perspective view of still another portion of the electroplating 
and/or electropolishing cell shown in Fig. 34; 

Fig. 46 is a bottom view of yet another portion of the electroplating and/or 
10 electropolishing cell shown in Fig. 34; 

Fig. 47 is a side view of the portion shown in Fig. 46; 

Fig. 48 is an enlarged view of a portion of the side view shown in Fig. 47; 

Fig. 49 is an exploded perspective view of an exemplary embodiment of a 
wafer chuck; 

15 Fig- 50 is an exploded perspective view of an alternative configuration of the 

wafer chuck shown in Fig. 49; 

Fig. 51 is a cross section view of the wafer chuck shown in Fig. 49; 

Figs 52 A and 52B are cross section views of the wafer chuck shown in Fig. 

49; 

-0 Figs. 53 A to 53 G are cross section views of various alternative configurations 

of a portion of the wafer chuck shown in Fig. 5 1 ; 

Fig. 54 is a flow chart for handling wafers using the wafer chuck shown in 
Fig. 51; 

Fig. 55 is a cross section view of an alternative embodiment a wafer chuck; 
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Fig . 56 is a cross section view of a second alternative embodiment of a wafer 

chuck; 

Hg. 57 is a cross section view of a third alternative embodiment of a wafer 

chuck; 

5 Fig . 58 is a cross section view of a four* alternative embodiment of a wafer 

chuck; 

Fig . 59 is a cross section view of afifth ahemative embodiment of a wafer 

chuck; 

Fig . 60 isacross section view ofasixth alternative embodiment ofawafer 

10 chuck; 

Fi g.61 isacross section view of a seventh at.rnative embodiment of a wafer 

chuck; 

Fig . 62 is a cross section view of an eighth alternative emWitnen. of a wafer 

chuck; 

, 5 Rg.aisacrosssectionviewofaninAai^mativeembodimemofawafe. 

chuck; 

Fig . 64 isacross section viewofatenthaitemative embodiment ofawafer 

chuck; 

Fig . 65 is a cross section view of an eleventh alternative embodiment of a 

20 wafer chuck; 

Flg . 66 is a cross section view of a twe.fth aUemative embodiment of a wafer 

chuck; and 

Fig. 67 is a top view of a wafer. 
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DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS 
In order to provide a more thorough understanding of the present invention, 
the following description sets forth numerous specific details, such as specific 
material, parameters, and the like. It should be recognized, however, that such 
5 description is not intended as a limitation on the scope of the present invention, but is 
instead provided to enable a more full and a more complete description of the 
exemplary embodiments. 

Additionally, the subject matter of the present invention is particularly suited 
for use in connection with electroplating and/or electropolishing of semiconductor 
1 0 workpieces or wafers. As a result, exemplary embodiments of the present invention 
are described in that context. It should be recognized, however, that such description 
is not intended as a limitation on the use or applicability of the present invention. 
Rather, such description is provided to enable a more full and a more complete 
description of the exemplary embodiments. 
1 5 With reference now to Fig. 1 , a wafer-processing tool 1 00 is configured to 

electroplate and/or electropolish semiconductor workpieces or wafers. In an 
exemplary embodiment, wafer-processing tool 100 includes an electroplating and/or 
electropolishing station 102, a cleaning station 104, wafer-handling stations 108 and 
110, and a robot 106. 

20 With reference now to Fig. 4, the processing steps performed by wafer- 

processing tool 100 are set forth in a flow chart format. With reference again to Fig. 
1, unprocessed semiconductor workpieces or wafers are obtained by robot 106 from 
wafer-handling stations 1 08 and 1 10 (Fig. 4, block 402). The wafers are transported 
by robot 106 from wafer-handling stations 108 and 1 10 to electroplating and/or 

25 electropolishing station 1 02 (Fig. 4, block 404). As will be described in greater detail 

9. 
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Mow, the wafers are electroplated and/or electropolished in electroplating and/or 
dectrcpolishtagstaion 102 (Fig. 4, Mode 406). The electroplated and/or 
efccoopolished wafers are transported by robot!06 to taWff* «. 

Hock 408). The waferc are cleaned and dried in cleaning aation 104 (Fig. 4, block 
5 4,0). Thecleanedanddrie^wafersare^sportedbyrobotlOebacktowater- 

ta.dltag sudor. 108 and 1 10 (Fig. 4, Mock 412). The entire process can then be 
repeated for another unprocessed wafer. It should be recognized, however, that 

without deviating from the scope of the present invention. 
10 With reference now to Fig. 2, in the present exemplary embodiment, 

esotropia** and,or electropolishing station 102 and cleaning station 104 include 

cta ed a, one time. 1, should be recognized, however, tha, e,=ctrop,a,ing and/or 
15 e^po.ishings.non.OJandcleaning^onltMcaninc.udeanynumberof 

electroplating and/or electropolishing ce„s „2 and cleaning c* ,14 depending on 

one electroplating and/or electropolishing cel. 112 and one cleaning cell 114, 
20 respecnvely. 

and /orelec tt opo,is M n,cel,sl.2.ocleaningcell S .14ca» vary depending onthe 
particular application. For example, in an applied where the elecuoplanng ar^or 

25 ele^poHshinseellsinUtancleaningceils.M. AUemauve.y, in an application 

10. 
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where the electroplating and/or electropolishing process requires less processing time 
than the cleaning process, wafer-processing tool 100 can be configured with fewer 
electroplating and/or electropolishing cells 112 than cleaning cells 1 14. 

As depicted in Fig. 2, electroplating and/or electropolishing cells 1 12 and 
5 cleaning cells 1 1 4 are configured as vertical stacks. In this manner, the number of 
wafers processed can be increased without increasing the footprint of (the amount of 
floor space occupied by) wafer-processing tool 100. In the increasingly competitive 
semiconductor industry, increasing the ratio of wafers processed per square foot of 
fabrication floor space occupied by wafer-processing tool 100 can be advantageous. 
1 0 With reference again to Fig. 1 , as described above, unprocessed wafers are 

obtained at wafer-handling station 108 and 1 1 0, then processed wafers are returned to 
wafer-handling stations 108 and 1 10. More particularly, with reference to Fig. 3, in 
the present exemplary embodiment, wafer-handling station 1 08 and 1 1 0 (Fig. 1 ) 
include a wafer cassette 1 16 for holding wafers. As depicted in Fig. 3, robot 106 is 

1 5 configured to remove an unprocessed wafer from wafer cassette 1 1 6 and transport the 
wafer to any one of the electroplating and/or electropolishing cells 1 12 (Fig. 2). 
Robot 106 is also configured to return a processed wafer from any one of the cleaning 
cells 1 14 (Fig. 2) to wafer cassette 1 1 6. Although a single wafer cassette 1 1 6 is 
depicted in Fig. 3, it should be recognized that wafer-handling station 108 and 1 10 

20 (Fig. 1 ) can include any number of wafer cassettes 116. 

Additionally, wafer-handling station 108 and 1 10 can include various 
configurations depending on the particular application. For example, wafer-handling 
station 108 and 1 10 can each include at least one wafer cassette 116. In one 
configuration, a wafer cassette 116 containing unprocessed wafers is provided at 

25 wafer-handling station 1 08. The wafers are removed, processed, then returned to the 

11. 
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^ waf e r c^nen«a,-c I .haod 1 in 8 s tatal 0 8 .Pr iM .o llK co m p 1 e t iono f *= 

5 ^p^^-p— > ^coprocessing, ne .processed wafers 

ed«a,ers. 

processing .00. ,00 can be operaied — » — " 

,„ anorner configuration, a wafer cassene „6 confining unprocessed wafer 
^^p^a.wafe^su.ion^.An^—as^.^^ 

^eaa.war—g.auonno. * unprocessed «*• - — — 

^ na^af—g^on no. t*«**»*--» 

15 ^.op^^ofp— . ™ S confi 8 uraUon>wever,^ 
^ge thai o. of fce «. handiing srarions ,08 and „0 can be " d * 

^^^^^^ «.«•"—'--- 

.^is.e^W.o^eawafe.cass.t.ne — processed wafe* for 

one with unprocessed wafers and vice versa 

Wi.hreferenceagain.oFi^.wafer-proeessing.oonOOinc.udeshous^ 

^U.Sforhousingd.evartouse^caiandn.ec^cornponen.sof^e, 

oon.ainc.P-ps.va.ves.and.heiike. WHnreference again <o Fig. ,, wafer- 
25 ^-processings, ,00. More paroc^y, compn. can ^ cor.g.red ^ 
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an appropriate software program to implement the processing steps set forth in Fig. 4 
and described above in conjunction with Fig. 4. 

It should be recognized that various modifications can be made to the 
configuration of wafer-processing tool 100 without deviating from the spirit and/or 
5 scope of the present invention. In this regard, in the following description and 

associated drawings, various alternative embodiments of the present invention will be 
described and depicted. It should be recognized, however, that these alternative 
embodiments are not intended to demonstrate all of the various modifications, which 
can be made to the present invention. Rather, these alternative embodiments are 
10 provided to demonstrate only some of the many possible modifications. 

With reference to Figs. 5 through 7, in an alternative embodiment of the 
present invention, wafer-processing tool 100 includes a wafer-handling station 500. 
With reference to Fig. 7, wafer-handling station 500 includes a robot 502 configured 
to raise and lower wafer cassette 116. Accordingly, when transporting wafers in and 
1 5 out of wafer cassette 1 1 6, the movement of robot 1 06 in the vertical direction can be 
reduced. In this manner, the operating speed of robot 106 can be increased to 
facilitate overall processing speed of wafer-processing tool 100. 

With reference to Fig. 8, in another alternative embodiment of the present 
invention, wafer-processing tool 100 includes a robot 800 configured to move 
20 laterally (indicated as the x-direction in Fig. 8). Accordingly, robot 800 need not 
rotate about its vertical axis. 

With reference to Fig. 9, in still another alternative embodiment of the present 
invention, wafer-processing tool 100 includes a stack 902 of electroplating and/or 
electropolishing cells 1 12 (Fig. 2) and cleaning cells 1 14 (Fig. 2). Accordingly, the 
25 footprint of processing tool 1 00 can be further reduced. 

13. 
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WHh reference ,o Fig s ,0 through «. «■ — ^ en, 

,• v.- „ 112 fFia 12) and cleaning 
andl 006ofelec,ro P W»gaBdyc, r elecuopol. S h,n g censn2(F lg 

• Aih»t stacks 1002, 1004 and 1006 can be 

r«Wnacdls 112 and cleaning cells 114. Wafer- 
0 electroplating and/or electropohslnng cells 112 

• nhnt 1008 configured to move laterally (indicated 

processing tool 100 also includes robot 1008 contg 

• ■ Fie 10) With reference to Fig. 12, wafer-processing tool 100 
asthey-directionmFig. 10). wiinrc 

h 1902 to accommodate the additional processing 
includes additional wafer cassette 1202 to accomm 

capacity of wafer-processing tool 100. 

• d however tar wafer-processin, .col 100 can be confi^d . 
^ uW berecogn,*d,however,.ha 

tocW eo„. y e 1 ec t rop M n g an d /ore 1 ectropo li sh i » gS »on,0 2 ( F ., l ). 

^rhewafers.Ueproce^waferscanbec.eanea^separa.ewafer. 
in another wafer-processing tool. 
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Additionally, wafer-processing tool 100 can include other wafer processing 
stations. For example, with reference to Figs. 13 through 15, in another embodiment 
of the present invention, wafer-processing tool 100 includes a Chemical Mechanical 
Planarization (CMP) station 1302. In this manner, wafers can be planarized and/or 
5 polished in addition to being electroplated and/or electropolished and cleaned. The 
particular order of performing these processes can vary depending on the particular 
application. For example, in one application, the wafer can be electroplated at 
electroplating and/or electropolishing station 102, cleaned at cleaning station 104, 
then planarized at CMP station 1302. In another application, the wafer can be initially 
1 0 electropolished at electroplated and/or electropolishing station 1 02, cleaned at 
cleaning station 104, then planarized at CMP station 1302. 

Having thus described various exemplary embodiments of a wafer-processing 
tool, an exemplary embodiment of electroplating and electropolishing cell 1 12 will be 
described below. With reference now to Figs. 16 and 17, in one exemplary 
1 5 embodiment of the present invention, wafer electroplating and/or electropolishing 
cell 1 12 includes an electrolyte solution receptacle 1608, a wafer chuck 1604, and a 
wafer chuck assembly 1600. 

With reference to Fig. 16, in the present exemplary embodiment, electrolyte 
solution receptacle 1608 holds the electrolyte solution for electroplating and/or 
20 electropolishing of a wafer 1 602. During the electroplating and/or electropolishing 
process, wafer chuck 1604 holds wafer 1602. Wafer chuck assembly 1600 positions 
wafer chuck 1604 within electrolyte solution receptacle 1608. Wafer chuck assembly 
1600 also rotates wafer chuck 1604 to enhance the uniformity of the electroplating 
and/or electropolishing process. 
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„ the present exempt embodiment with referee «o Hg. .7, d«f 

1628 and ,630b, section waUs ,6,0, ,6,2, ,6,4, ,«6and ,6,8. * 
agnized, however, tha, electro.vte *«on recent ,608 can be divided into an, 

particular application. 

.S.inU.epresen.exemp.^embodUnenMPun.P !«♦ 
pump s an electro,,* so>uUon ,656 fen, areservoir ,6 58 Utto e,e«ro„te — 
^ ,601. More panics,, e,e«ro,vte — «« ^ 3 ** 
10 Alter .^andLicuidMassnowConuo^CLMFCs, ,646, ,648and ,650. Pass 
te ,652 removes con— andunwan^dpardCesf^e^y.eso.uuon 

1650 LMFCs ,646, 164 8 and ,650 contro, the flow of eiecuolvte — 1656 " 
SKte ,620,,624and,62 8 (Fi, 1 7,, K spec l ive, y . ,, should be recognized, 

15 depending on the particular application. 

^chuCc ,604ho,ds wafer ,602. ,n the P resen, exempt embodiment, robot 
.Ooinsemorprovideswafer.602 into wafer chucU6«. Asdiscussedabove.ro*, 
1 06^ob^wa t cr W 2fro m w*cas S e«e,16( F ig.3,or ft o m apreviou S 
» proc.ssingsunonorprocessingtoo,. Wafer 1602 can also be loaded in MW afer 
« ,604 manual., by an operator depending on the particular appltcauon. 

M will be described in greater detail below.after receiving wafer.602, wafer 
0 ta eU6 M c,osestoho.dwa,erl602. Wafer chuck assemblyloOOdten positions 
waferchudc ,604 and wafer 1602 within electro,,* solunon receptee .60S. More 
25 ^yM^^^™^^^^ 1600 
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positions wafer chuck 1604 and wafer 1602 above section walls 1610, 1612, 1614, 
1616 and 1618 (Fig. 17) to form a gap between the bottom surface of wafer 1602 and 
the tops of section walls 1610, 1612, 1614, 1616 and 1618 (Fig. 17). 

In the present exemplary embodiment, electrolyte solution 1656 flows into 
5 sections 1620, 1624 and 1628 (Fig. 17), and contacts the bottom surface of wafer 
1602. Electrolyte solution 1656 flows through the gap formed between the bottom 
surface of wafer 1602 and section walls 1610, 1612, 1614, 1616 and 1618 (Fig. 17). 
Electrolyte solution 1656 then returns to reservoir 1658 through sections 1622, 1626 
and 1630 (Fig. 17). 

10 As will be described in greater detail below, wafer 1602 is connected to one or 

more power supplies 1640, 1642 and 1644. Also, one or more electrodes 1632, 1634 
and 1636 disposed within electrolyte solution receptacle 1608 are connected to power 
supplies 1640, 1642 and 1644. When electrolyte solution 1656 contacts wafer 1602, a 
circuit is formed to electroplate and/or to electropolish wafer 1602. When wafer 1602 

15 is electrically charged to have negative electric potential relative to electrodes 1632, 
1634 and 1636, wafer 1602 is electroplated. When wafer 1602 is electrically charged 
to have positive electric potential relative to electrodes 1632, 1634 and 1636, wafer 
1602 is suitably electropolished. Additionally, when wafer 1602 is electroplated, 
electrolyte solution 1656 is preferably a sulfuric acid solution. When wafer 1602 is 

20 electropolished, electrolyte solution 1656 is preferably a phosphoric acid solution. It 
should be recognized, however, that electrolyte solution 1656 can include various 
chemistries depending on the particular application. 

Additionally, as will be described in greater detail below, wafer chuck 
assembly 1600 can rotate and/or oscillate wafer 1602 to facilitate a more uniform 

25 electroplating and/or electropolishing of wafer 1602. After wafer 1602 is 
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elecB op,a,ed andMe— »«.«* — -—••"-■ 

1604 from electrolyte solution receptacle 1608. Wafer chuck 1604 then °^ 1S ' 

«* chucU^.enproviaesanou.r^er^ 

5 ^erfnsan.orclec.pohsHn, F „r a more detaUed descripuo. of 
^poli ^ar.elec^p^P^.-US.paten.apphcationSer.N. 

19WA een, i reco»,cn,o f wh i chUincorpora t e<lhe rei nh y re f erence,andPCTpa K n. 

10 ^OPOUSH.OMH^^KCO^OKSOKSBM.COKOUCTO, 

* ♦ 7 1999 the entire content of which is incorporated 
DEVICES, filed on August, 7, 1999, the enure 

herein by reference. 

M a „uded to earlier, specif* daails related to electroplate and/or 

, 5 eoropieted^onofth.pre^iuven.ion.Msuch.vaHou.aspecrsof 

.e^.ar.or.opeor.epre^i— Pore^-ou^e^ 

^onrecep^i^^apiura.ityofsecUor.electropla^ar^o, 
20 eleettopolishto g cell U2 can include a suticbau, 

^^od.anexenrplarvernhodirnentofwaferchuc.^and^rchu* 
25 — 
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However, it should be recognized that wafer chuck 1604 and wafer chuck assembly 
1600 can be used in connection with any convenient wafer process, such as 
electropolishing, cleaning, etching, and the like. Additionally, it should be recognized 
that wafer chuck 1604 and wafer chuck assembly 1600 can be used in connection with 
5 processing of various workpieces other than semiconductor wafers. 

With reference to Figs. 18A to 18C, as described above, during the 
electroplating and/or electropolishing process, wafer chuck assembly 1600 positions 
wafer chuck 1 604 within electrolyte receptacle 1608 (Fig. 16). Additionally, wafer 
chuck assembly 1600 is configured to open and close wafer chuck 1604 for insertion 

1 0 and removal of wafer 1 602. 

More particularly, in the present exemplary embodiment, wafer chuck 
assembly 1600 includes an actuator assembly 1 860 and a spring assembly 1894. 
Actuator assembly 1860 is configured to move wafer chuck 1604 between a first 
position and a second position. In the present embodiment, actuator assembly 1860 is 

15 configured to move wafer chuck 1604 between a raised position and a lowered 
position. In the first position, spring assembly 1894 is configured to open wafer 
chuck 1604 to permit removal and insertion of wafer 1602. In the second position, 
spring assembly 1894 is configured to close wafer chuck 1604. 

In the present embodiment, actuator assembly 1860 includes a motor 1828, 

20 gears 1822 and 1824, and lead screw 1820. Motor 1828 is connected to shaft 1802 
through bracket 1816, lead screw 1820 and gears 1822 and 1824. More particularly, 
motor 1828 turns lead screw 1820 through gears 1822 and 1824 to translate bracket 
1816 along a guide rail 1826. Bracket 1816 is attached to shaft 1802, which is rigidly 
attached to top section 1858 of wafer chuck 1604. In this manner, motor 1828 can 

25 lower and raise wafer chuck 1604. It should be recognized, however, that wafer 
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^ as pn.-a.ic — magnetic forces, and the like. Also, it shou,d be 
agnized ft* motor 1 ®8 can indude a direct current servomotor, stepper motor, 

and the like. 

j Although a single guide rail 1826 is depicted i„ FL„ ISA through 1 8C, it 

snouldberecognized an, number of guide rails ,826 car, he used depending on the 
^application. Addiuonally, wi* reference » Fig. 
embodiment of the present invention, joints 1902 and .904 „ disposed b«we=„ 
^ l8l6m danadd M ona, bracket ,906. Joints 1902and ,904 permit movent 

,0 be*,een bracket 1906 and , 8,6 as ,ead screw 1 820 raises and ,„wers wafer chuck 
160 4. MsucKbracketlS^islcsslike^seizeonguideraUlSZ. Inthe present 

exemplary embodiment joints ,902 and ,904 are universal joints. U should be 
^gnized.however.tatanyconvenient.ypeofjomtcanb.usedtopemu, 

movement between bracket 1906 and 1816. 
15 Wilh con«nuedrefere„c.,oFi g s.l8A.h ro u 6 hl8C,sprin g assemblyl894 

talu ces a collar , 804, a plurality of rods 1806, and a plurality of springs 1 808. Rc* 
,S06 are rigidly f,ed to collar .804 and to bottom secuon ,856 of wafer chuck ,604. 
Springs , 808 are diseased around r*ds ,806 and be^een couar .804 and top secuon 
1858 of wafer chuck .604. Additionally, d. 1 804 is not reached ,0 shaft 1 802. 
20 Accordingly,asd«pictedi n Fi,. 8 B,aswaferchuckl604israised,co„a,1804 

conBCB alid,8,O.Asdepic» i mFi,..8C,rods,806preven,bo«omsec,ionl8 5 6 

of wafer chuck ,604 from rising any ftmher. However, springs ,808 compress to 
^ «, secuon ,858 of wafer chuck ,604 to continue to rise. Thus, wafer chuck 
,604 is opened for inserting and removing of wafer ,602. 
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In the manner described above and as depicted in Figs. 18A through 18C, the 
single action of raising wafer chuck 1604 also opens wafer chuck 1604. The reverse 
action of lowering wafer chuck 1604 also closes wafer chuck 1604. More 
particularly, starting from Fig. 18C, when wafer 1602 has been positioned within 
5 wafer chuck 1 604, motor 1828 begins to lower wafer chuck 1 604. As depicted in Fig. 
1 8B, as motor 1 828 lowers wafer chuck 1 604, spring 1 808 extend to close wafer 
chuck 1604. 

In addition to the force applied by spring 1 808, additional force is applied to 
hold together wafer chuck 1604 by applying a vacuum and/or a reduced pressure gas 
10 to cavity 1830 formed between top section 1858 and bottom section 1856 of wafer 
chuck 1604. More particularly, with reference to Fig. 18B. wafer chuck assembly 
1600 includes a slip-ring assembly 1838 configured with inlets 1870 and 1872. Slip- 
ring assembly 1838 also includes a plurality of seals 1842 configured to form cavities 
1 866 and 1 868. In the present exemplary embodiment, vacuum and/or reduced 
1 5 pressure gas is applied through inlet 1 870, channel 1 874, and line 1 832 to cavity 
1830. In order to help seal cavity 1830, wafer chuck 1604 also includes seals 1878 
disposed between top section 1858 and bottom section 1856. 

Additionally, with reference to Fig. 18B, as described in brief above and as 
will be described in greater detail below, an electric charge is applied to wafer 1602 
20 during the electroplating and/or electropolishing process. More particularly, in the 
present exemplary embodiment, slip-ring assembly 1838 includes a brush 1844, 
springs 1846, and screws 1848. Additionally, as will be described in greater detail 
below, wafer chuck 1604 includes a conducting member 1880, which electrically 
contacts line 1850, and a spring member 1 882, which electrically contacts wafer 
25 1 602. Accordingly, the electric charge is applied to wafer 1 602 through screw 1 848, 
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spri „ g ,846. brush ,844, shaft ,802, line ,850, conducing men.bc, .880, and spring 
member ,882. Thus,screw ,848, spring ,846, brush ,844, shaft ,802 , ,in= ,850, 
conducing member , 880, and spring member , 882 are formed from an electrica,,, 
Bering material. Additional as shaft ,802 can route, brush , 844 is form* 
5 from an electrically conducing and low friction material, such as graphite. 

As will be described in greater detail below, to help isolate spring member 
1882 and conducting member 1880 from the electrolyte solution duringfte 
electing a^/or e.ectropolishing process, wafer chuck 1 604 includes a sea. 
member . 884. .n the present exemplary embodiment of the present invention, a 
, 0 positive pressure gas is apphed to a cavity ,892 to check the sea. aualit, of sea, 

member ,884. Mo. particular,,, pressure gas is applied through inlet .872, channel 
,876, and .ine .852. Wafer chuck ,604 also includes seals ,886 and ,888 to help 
seal cavity 1892. Alternatively, a vacuum and/or a reduced pressure gas can be 
ap p 1 ied»cavi W 1892«ochecku,eseal <1 «ali W ofsea,member.884. Afterwafer 

15 chu ck , 604 is removed from the electrolyte solution, positive pressure gas can be 
applied to cavity 1 892 to purge electrolyte solution from wafer chuck ,604. 

AS alluded to earlier, wafer chuck assembly 1600 is configured to rotate wafer 

20 w aferchucka S scmbly,600ro att swaferchuck,604a,about5rev„,uUonsper 
minae to about ,00 revolutions per minute, h should be recognised, however, that 
«fc chuck 1604 can be routed a, various speeds depending on the particular 

application. 

Additionally, as will be described in greater deuil below, wafer chuck 
25 assembiy ,600 is configured to route wafer chuck 1604 to help remove CeCrolyte 
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solution from wafer chuck 1604 after the electroplating and/or electropoiishing 
process. During this process, wafer chuck assembly 1600 rotates wafer chuck 1604 at 
about 300 revolutions per minute to about 5000 revolutions per minute, and 
preferably about 500 revolutions per minute. It should be recognized, however, that 
5 wafer chuck assembly 1 600 can rotate wafer chuck 1 604 at various speeds depending 
on the particular application. As depicted in Fig. 20, during this process, wafer chuck 
1604 can be rotated when wafer chuck 1604 is in an open position. Accordingly, in 
an alternative embodiment, wafer chuck assembly 1600 includes bearing 2002 (Fig. 
20). In the present exemplary embodiment, bearing 2002 is depicted as being 

10 disposed between collar 1804 and lid 1810. It should be recognized, however, that 
bearing 2002 can be disposed in various locations depending on the particular 
application. For example, if collar 1804 is removed or reduced in size, bearing 2002 
can be provided between top section 1858 and lid 1810. Additionally, it should be 
recognized, however, that wafer chuck assembly 1600 can rotate wafer chuck 1604 at 

1 5 various speeds depending on the particular application. 

With reference to Fig. 18A, wafer chuck assembly 1600 includes rotational 
assembly 1864 to rotate wafer chuck 1604. In the present exemplary embodiment, 
rotational assembly 1864 includes a motor 1836 and a drive belt 1834 connected to 
shaft 1802. In the present exemplary embodiment, motor 1836 and drive belt 1834 

20 are disposed below bracket 1816. It should be recognized, however, that motor 1836 
and drive belt 1834 can be disposed in various locations to rotate shaft 1802. For 
example, with reference to Fig. 21, wafer chuck assembly 1600 is depicted with motor 
1836 and drive belt 1834 disposed above bracket 1816. Alternatively, motor 1836 
can be connected to shaft 1802 through gears rather than drive belt 1834. Motor 1836 

25 can also be connected directly to shaft 1 802. In the present embodiment, motor 1836 
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*rid be recognized tha. rcariona, assembly 1 864 can include varies other 
rnechanisms for rowing wafer chuck .604. For example, — assembly 1864 
can be configured as an Cecro-magneUc system to rou« wafer chuck .604. 
5 With reference ,o Figs. ISA tough 18C in the present exemplary 

embodimen, shaft , 802 is formed from a me*, or me*. alloy resist to corrosion, 

s ^ s ,842andbrushl844 is machined .0 a surface roughness less thanaboutS 
micror, and prefemb.y .ess than abou. 2 micron. Addi.iona.ly, in to preset 
,. exempt embodiment, wafer chuck assembly .600 inciudes bearings 

disposed be^een shaft .802 and .id .8,0. Wafer chuck assembly .600 also includes 
^s m8di S posedbe«weenshaf. ,802 and bracket .8,6. Bearings .8,2, .8.4, 
UU can indude ba.,-bearings, bushings, low.fric.ion materia,, andthe like 

Asdescribedabovcshp-ringassentbly .838 is configured to supply vacuum 

SWUS02. Thus far, as particularly depicted inFigs. .8A.luough ,8C,s,ip-rtng 
assembly ,838 has been shown as fixed. o bracket .8,6. In contrast, whh reference 
, Figs 22Aand22B, in an altemafive embodiment of *e present invendon, wafer 
cuuck assemb,, .600 includes a sUp-ring assembly 2200, which remains fixed when 
20 Morepa rt ic,ar, y ,shaf l . 8 02sUdes ta) «gh 

slip-ring assembly 2200 as it is raised and lowered. 

ta the following descriptions and associated drawings, various alternative 
embodimentsofthe present invention are described and depicted. ..should be 
recognized that these ^ernative embodiment, are no. mean, to include al. the 
25 possible modificauons ar,d po.en.ia, aherauons, which can be made .0 the presen, 
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invention. Rather, these alternative embodiments are meant to demonstrate some of 
the potential modifications and alterations. 

With reference to Fig. 23, in an alternative embodiment, conducting member 
1880 of wafer chuck 1604 is depicted without seal 1888 (Fig. 18A). Additionally, a 
5 spring 2302 applies the charge to conducting member 1 880. In contrast to wire 1 890 
depicted in Fig. 18C, spring 2302 lifts clear of conducting member 1880 when wafer 
chuck 1604 opens. 

With reference now to Fig. 24, in another alternative embodiment, wafer 
chuck 1604 is depicted with seal member 1 884 having a Z-shaped cross-sectional 

1 0 profile. In comparison to a seal member 1 884 having an L-shaped cross-sectional 
profile (Fig. 18 A), the Z-shaped cross-sectional profile can hold spring member 1882 
more securely in place. It should be recognized, however, that seal member 1884 can 
be formed having various cross-sectional profiles. In this regard, a number of these 
possible profiles will be described and depicted below. 

1 5 With reference now to Fig. 25, in still another alternative embodiment, wafer 

chuck 1604 is depicted with lines 1832 and 1852 formed into top section 1858. It 
should be recognized, however, that lines 1 832 and 1 852 can be formed in various 
manner. For example, grooves can be formed along the top surface of top section 
1858. Lines 1832 and 1852 can be tubes inserted into the grooves. In this manner, 
20 lines 1 832 and 1 852 can be held more securely. 

With reference now to Fig. 26, in yet another alternative embodiment, wafer 
chuck 1604 is depicted with rods 1806 attached to bottom section 1856 using nuts 
2602. The ends of rods 1 806 and nuts 2602 are sealed with caps 2604 to protect them 
from the electrolyte solution during the electroplating and/or electropolishing process. 
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showninFig. 26 is depicted with seal member 1884 having a Z-shaped cross- 

member 1882 more securely. 
5 With reference now to Fig. 28, in another alternative embodiment, wafer 

chuck ,604 is depicted having line 1852. Accordingly, when wafer chuck ,604 is 
closed avacuumand/orare.ncedpressuregasisfirs.apphed.oline ,8 5 2toincrease 

.he force ho.dmg together wafer choc, ,604. After me Occtroplating and/or 
e,ec tt opo,isM n gprocess,apressuregascanbeappUed B .inel852 W helppurge 

10 electrolyte from wafer chuck 1604. 

Wimreferencenowto Fig. 29,in still another alterative embodiment, wafer 
c huckl604isdepic,edhavmgalme2902 K ,app.yavac„uma^/orared»ced 

pressure gas and pressure gas to the surface of wafer ,602. According,,, after wafer 
chuck ,604 is Cosed, a vacuum and/or a reduce, pressure gas is appiied to ,me ,852 
15 ^.ineJ^^increasemeforceholdingtogeurerwaferchucUcW. Afterthe 
gating and/or elecuopolishing process, a pres^re gas can be applied to hue 

opened, preferably with a gap of about 1 millimeter to about 3 miUimeter, preferably 
,, millimeter. After wafer chuck 1604 is opened, pressure gas can be apphed 

20 to line 2902 to help dislodge wafer 1602. 

Wimreferencenowto Fig. 30, inyetanomer— e embodiment, wafer 

c huckl6 M isdepic,edl»™gasir 4 le. ta e3002.Accordin g ly,vacuumand/.ra 
recced pressure gas and pressure gases are applied a, the .me time ,0 cavit, 3004 
and to the surface of wafer 1602. 
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With reference to Figs. 3 1 through 33. a more detailed depiction of an 
exemplary embodiment of electroplating and/or electropolishing station 102 is shown. 
As described above, electroplating and/or electropolishing station 102 includes one or 
more electroplating and/or electropolishing cells 1 12. More particularly, in the 
5 present exemplary embodiment, electroplating and/or electropolishing station 1 02 
includes three electroplating and/or electropolishing cells 1 12 mounted in a frame 
3202, As alluded to earlier, however, any number of electroplating and/or 
electropolishing cells 1 12 can be mounted in frame 3202 depending on the particular 
application. 

10 In the present exemplary embodiment, electroplating and/or electropolishing 

station 102 also includes guide rails 3204 and an air cylinder 3206 for moving wafer 
chuck assembly 1600. More particularly, air cylinder 3206 translates wafer chuck 
assembly 1600 along guide rails 3204 attached to frame 3202. In this manner, as 
depicted in Figs. 32A and 32B, wafer chuck assembly 1600 and wafer chuck 1604 can 

1 5 be retracted from electrolyte receptacle 1 608 for servicing of electroplating and/or 
electropolishing cell 112 including wafer chuck assembly 1600 and wafer chuck 
1604. More particular, in Fig. 32B, electroplating and/or electropolishing cell 1 12 is 
depicted with wafer chuck assembly 1 600 retracted in an open position. In Fig. 32A, 
electroplating and/or electropolishing cell 1 12 is depicted with wafer chuck assembly 

20 1 600 in a closed position over electrolyte receptacle 1 608. It should be recognized, 
however, that various actuators can be used to retract wafer chuck assembly 1600. 

With reference to Figs 31 A, 32 A and 33 A, electroplating and/or 
electropolishing cell 1 12 includes electrolyte solution receptacle 1608 and wafer 
chuck assembly 1600. As depicted in Fig. 32 A, wafer chuck assembly 1600 includes 

25 lid 1 8 1 0 to cover electrolyte solution receptacle 1 608. As such, lid 1 81 0 includes an 
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ell haus. hole 3208 for removing vapors from within electrode solution recede 
,608 la .his manner, =acb electroplating and/or electropolishing cell 1 12 in 
e ,ectroplating ar,d/or dectropoUshing station .02 can be Individ* vented, thus 

5 electropolishing station 102 (Figs. 32A and 33A). 

As depicted in Figs 31 A and 32A, wafer 1602 can be inserted into and 
Km0 ved from electrolyte solution recede 1608 tough slot 1892. More 
particularly, as describe above, robot ,06 sports wafer 1602 into and out of 

,0 in elecuolyte receptacle 1608, slot 1892 can also be formed in Ud 1810. 

As described earlier, wafer 1602 is held by wafer chuck 1604 (Fig. 18A). 
preference to Fig. 31 A, in the present exemplary embodiment, wafer chuck 
^bly ,600 lowers wafer 1602 into electrolyte receptacle ,608,obeelec«oplaW 
ana/orelectropo.ished.Anerd.electtoplatingand/oreiccUopoM^ 
,5 ^.waferehuckassembly^OOraiseswaferloOJtobeuraoadedandanew 

wafer 1602 to be loaded. 

preference nowtoFig. 37, as described above, wafer chuck assembly 
,600(Fig 3 I A)includesbracketl8,6. to the present exemplary embodiment, 
tek e,,8,6isconnec,edtowaferchuck,604*rough»ha ft 1802(Fi,.8A). More 

20 particularly, as will be described m greater de»i, be,ow, shaft 1802 is fixed . top 
3ectio„1858 of wafer chuck 1604. Additionally, slip-ring assembly 1838 isfixedto 
tecke, ,816. Accordingly, shaft 1802 is disposed wimin slip-ring assembly 1838. 

With reference now «,Fig.35, it should be recognized thataportionof wafer 
chuckassembly 1600 ,iesbelowlid>810. Withrefercncenowto Fig. 34,in«he 
25 presen,exemplar / embodime»,,braeke,1816mcludes 6 uideraiU.826. More 

28. 



WO 00/33356 PCT/US99/28106 

particularly, in the present exemplary embodiment, each guide rail 1826 include a rod 
3402 disposed within a bushing 3404. Rod 3402 is mounted to lid 1810 and bushing 
3404 is connected to bracket 1816. Additionally, in the present exemplary 
embodiment, four guide rails 1 826 are provided. It should be recognized, however, 
5 that any number of guide rails 1 826 can be used depending on the particular 
application. 

Thus, with reference now to Fig. 35, motor 1828 is configured to move 
bracket 1816 along guide rails 1826. More particularly motor 1828 engages with lead 
screw 1820 to move bracket 1816. Additionally, as described above, in the present 
1 0 exemplary embodiment, bracket 1 8 1 6 is connected to bracket 1 906. More 

particularly, brackets 1816 and 1906 are connected through joints 1902 and 1904 to 
permit movement between brackets 1816 and 1906. As described earlier, joints 1902 
and 1904 reduces the likelihood of brackets 1 816 and 1906 seizing on guide rails 
1826. 

1 5 With reference now to Fig. 37, as described above, wafer chuck 1 604 is 

configured to be rotated. With reference now to Fig. 35, motor 1836 is configured to 
rotate wafer chuck 1604 (Fig. 37). More particularly, in the present exemplary 
embodiment, motor 1836 rotates shaft 1802 through drive belt 1834. With reference 
again to Fig. 37, shaft 1802 is fixed to top section 1858 of wafer chuck 1604. 

20 Additionally, shaft 1 802 rotates within slip-ring assembly 1 838. 

With continued reference to Fig. 37, as described above, wafer chuck 1604 
includes a plurality of spring assemblies 1 894 configured to open and close wafer 
chuck 1604. More particularly, in the present exemplary embodiment, wafer chuck 
1604 includes six spring assemblies 1894. It should be recognized, however, that any 
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number of spring assemblies 1894 can be used depending on the particular 

application. 

WW, continued reference to Fi«. 37, in the present exemplary embodiment, 
eachspringassembly ,894mc,udesrod 1 806 with one end formed wiu, a head 
5 p o rt ionra«er*anco,.arl804( F i g ..8A,. More particularly, with reference to Figs. 
40Aand40B,one end of rod 1806 is fixed to bottom seetion 1856 of wafer chuck 
160 4 Theo*erendo t rodl806inc,udesaheadportton4 M 2. AdditionaU,, spring 
1808 is disposed aroundrodl806a.dbe W een M p section ,858 andbeadporuor. 
4002. Accordingly, when wafer c»uck,604 is in a lowered position spring .808 is 
10 extend*, to apply a force to bold top section 1 858 and bottom section .856 Cosed. 
AS wafer chuck .604 is rased, head portion 4002 eventttaUy comae* the unders.de of 
lid 1 8. 0 (Fig. 34). Accordingly, spring 1 808 becomes compressed, and rod .806 
^es top section 1858 from bottom section 1856 ,0 op« wafer chuck 1604. 

Asdescribed above, preference to Fig. 37, in addition. o the force apphed 
15 by spring assemblies .894, a vacuum and/o, reduced pressure is applied to hold 
togete wafer chuck 1604. With reference to Fig. 4. , in the present exemplar, 
embodiment, vacuum an*or reduced pressure is applied to cavity . 830 formed b, a 
^4.04..nearl i erd=^ptionsa»dasdepic tt di»Fi^.l8Athrough.8C,cav,ty 

1830 was form* in bottom section .856 and sealed by sea,s 1 878. .n comparison, 
2 „ with reference againto Fig. 4,, se* 4,04 can be more easi.y instaUed into bottom 

bote, adhesive*, and the like. More particularly, in the present exempt 
embodiment, sea, 4.04 is attached using a ring ,406, which can be fastened ^ttom 
section, 856 using*., convenient fastening device, such as screws, bo,«s, and me 
25 Uke. ^im^^M^^^^^ 
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seal 41 04. Additionally, the use of seal 41 04 can be more cost efficient and more 
reliable than forming cavity 1830 in bottom section 1856. Seal 4104 can include any 
flexible compliant material such as Viton, (fluorocarbon) rubber, silicon rubber, and 
the like. 

5 With reference to Fig. 42, as described above, vacuum and/or reduced pressure 

can be supplied to cavity 1892 to check and/or enhance the seal formed by seal 
member 1884. Additionally, as also described above, pressure gas can be supplied to 
cavity 1892 to check the seal formed by seal member 1884, to enhance the seal 
formed by seal member 1884, to purge residual electrolyte solution, and various other 
10 purposes. 

However, when vacuum and/or reduced pressure gas is applied to cavity 1892, 
some of the vacuum and/or reduced pressure gas can seep into the interface between 
wafer 1 602 and top section 1 852. As such, even when the vacuum and/or reduced 
pressure gas is stopped, wafer 1602 can remain adhered to top section 1852 when 

15 wafer chuck 1604 (Fig. 37) is in an open position, thus making removal of wafer 1602 
more difficult. With reference to Figs. 46 through 48, to prevent wafer 1602 (Fig. 42) 
from adhering to top section 1852 (Fig. 42), a textured pad 4600 can be provided 
between wafer 1602 (Fig. 42) and top section 1852 (Fig. 42). In the present 
embodiment, textured pad 4600 includes a multitude of grooves 4602 formed 

20 throughout the surface to be in contact with wafer 1 602 (Fig. 42). As such, any 
vacuum and/or reduced pressure gas, which seeps behind wafer 1602 (Fig. 42), can 
more easily escape. Consequently, wafer 1602 (Fig. 42) is less likely to adhere to top 
section 1852 (Fig. 42). 

With reference again to Figs. 41 and 42, in the present exemplary 
25 embodiment, vacuum, reduced pressure, and/or pressure gases are supplied to cavities 



PCT/US99/28106 

WO 00/33356 

1830 and nn through «« (Fig. 41) and 4202 (Fig. respective*. *» 
«„o» 1 oFi,3 8 ,«,^eap re ssu rc , a »d/o t press UI e ga s K a K 

supplied ,o fining 4,02 (Fi, 4.) and «02 (Fi, 42) to* «- •«» «- 

cta nne, ,874 and line ,852 from channel .876, respective.,. 

WHh referee ,o Fi, 43, vacuum, reduce, pressure, and/or pressure gases are 
su pp 1M to cha.iels ,874 and .876 formed m shaft .802 through slip,,, assemb,, 
,« Asdeseri.edaWve.s.ip-ringassemb,, ,838 is coimgureo to supply vacuum 

and/or reduced pressure in,o shaft ,802 even as shaft , 802 is rota,*, More 

i. iw fr,™ cavities 1866 and 1868 (Fig. 18B) in 
particularly, as described above, seals 1 842 form cavitte 

„m., i 818 into which vacuum and/or reduced 
10 between shaft 1 802 and slip-ring assembly 1 8,8, mto wnt 

p^ure can be introduced tough inlets 1870 and 1872. 

With reference to Fi, ,6, as described above, maintaining wafer ,602 .n 

^.e ,608 he.ps to enhance the uniformity ofthe ***** -*» 

. In mis retard with reference to Fi, 43, the alignment of 
,5 electropolishing process. In this regaro, wi 

bracket 18. 6 can be configured to be paraUe. with wafer chuck .858. 

W i mreferenc«,oFig.44, te a.ignmen,ofbracke.,8,6wimrespec, K s.ip. 

SOT4 M2and«h K ese..screws43,4permi B sUp.rir,assemb,,,838«obe 
25 ,8,6 and slip-ring assembly ,838 to be adjusted. 
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With reference to Fig. 45, the alignment of top section 1858 with respect to 
shaft 1802 can be adjusted by variously adjusting a plurality of screws 4304 and a set 
screw 4306. In the present embodiment, the adjustment of screws 4304 and set screw 
4306 adjusts the alignment of top section 1 858 with respect to a stem piece 4302. 
5 More particularly, the gap between top section 1 858 and stem piece 4302 can be 
adjusted using screws 4304 and set screw 4306. In the present embodiment, the use 
of three screws 4304 and the location of set screw 4306 at the center of top section 
1858 and stem piece 4302 permits top section 1858 to be essentially gimbaled relative 
to stem piece 4302. 

10 Additionally, in the present embodiment, stem piece 4302 is attached to shaft 

1802 with a plurality of bolts 4308. In this manner, top section 1858 can be removed 
from shaft 1 802 without having to necessarily reset its alignment. As alluded to 
earlier, wafer chuck 1 604 (Fig. 37) can be removed for various purposes, such as 
inspection, repair, maintenance, and the like. To facilitate ease of re-alignment 

15 afterwards, with reference to Fig. 43, in the present embodiment, stem piece 4302 and 
shaft 1802 are joined using a tenon and mortise shaped joint. Additionally, bolts 4308 
only contact stem piece 4302 and shaft 1802. In this manner, adjustment of bolts 
4308 does not affect the alignment of top portion 1 858 to stem piece 4302. 

Having thus described various exemplary embodiments of a wafer chuck 

20 assembly, various exemplary embodiments of wafer chuck 1 604 will be described 
below. With reference now to Figs. 49, wafer chuck 1604 includes bottom section 
1856 and top section 1858. Bottom section 1856 is formed having an opening to 
expose the bottom surface of wafer 1602 during the electroplating and/or 
electropolishing process. 
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TCFL O N ),Po ly V tayl a.0 rt de(PVCP0 1 yVM M e MFta o*^F), 
5 Poiypropylene,^- " 

prides proton against the electrolyte solution. 

^erchueuewaccora^to various aspects ofU.ep.sen— 

u — — — — * — 

k ,882 andtopsectionlSSSlaredepictedashavngsubstanttally 
1880,springmemberl882,anatopsec.i 

^shape. H^d.reco^^wever^thevaHous^nentsof 
with flat edge 6702. 

. Pio 51 when wafer 1602 is disposed between bottom 
With reference now to Fig. 5 1 , when ware 

iftsx in accordance with one aspect of the present 
25 section 1856 and top secUon 1858, in accoroan 

34. 



WO 00/33356 PCT/US99/28106 

invention, spring member 1 882 preferably contacts wafer 1602 around the outer 
perimeter of wafer 1 602. Spring member 1 882 also preferably contacts conducting 
member 1880. Thus, when an electric charge is applied to conducting member 1880, 
the electric charge is transmitted to wafer 1602 through spring member 1882. 
5 As depicted in Fig. 5 1 , in the present exemplary embodiment, spring member 

1882 is disposed between wafer 1602 and lip portion 1880a of conducting member 
1 880. Accordingly, when pressure is applied to hold bottom section 1 856 and top 
section 1858 together, spring member 1882 conforms to maintain electrical contact 
between wafer 1602 and conducting member 1880. More particularly, the tops and 
10 bottoms of the coils in spring member 1882 contact wafer 1602 and lip portion 1880a, 
respectively. Additionally, spring member 1882 can be joined to lip portion 1880a to 
form a better electrical contact using any convenient method, such as soldering, 
welding, and the like. 

The number of contact points formed between wafer 1602 and conducting 
1 5 member 1 880 can be varied by varying the number of coils in spring member 1 882. 
In this manner, the electric charge applied to wafer 1602 can be more evenly 
distributed around the outer perimeter of wafer 1602. For example, for a 200 
millimeter (mm) wafer, an electric charge having about 1 to about 10 amperes is 
typically applied. If spring member 1882 forms about 1000 contact points with wafer 
20 1602, then for the 200 mm wafer, the applied electric charge is reduced to about 1 to 
about 10 milli-amperes per contact point. 

In the present exemplary embodiment, conducting member 1880 has been thus 
far depicted and described as having a lip section 1 880a. It should be recognized, 
however, that conducting member 1880 can include various configurations to 
25 electrically contact spring member 1 882. For example, conducting member 1 880 can 
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be formed without lip section 1880a. in .his configuration, eleOrica, «— be 
formed between the side of conducting member .880 and spring member 1882. 
Moreover, conducting member ,880 car, be remove, ahogethe, An electric charge 
„ be applied directly to spring member 1882. However, in this configuration, ho. 
5 spots can form in the portions of spring member 1882 where the electric charge is 
applied. 

Spring member 1 882 can be formed from any convenient electrically 

spring member !882 is formed from a m=*l or metal alloy (such as skinless sKel, 
,0 sprin 8 stee..titani»m,andthenke). Spring member ,882 can aiso be coated with a 
corrosion-resiaan. materia, (such as platinum, gold, and the like). ,n accordance wot 
one aspect of the present invention, spring member 1 882 is formed as a coU spring 
formed in a ring. However, conventional coi, springs typically have cross secriona. 
profiles, that can vary throughout the lengm of the coil. More specifically, in general, 
, 5 conventional coil springs have eiliptical cross-sectional profiles, with a long diamefcr 
^ a shot diameter. In one part of the coil spring, the long and short diameters of 
me e.Uptical cross-sectional profile can b. oriented vertical, and horhontaily, 
respectively. However, mis eniptical ores-sectional profile typically twists or rota^s 
alongtelengmofute coil spring. Thus, in another par. of the coi. spring the long 
20 andshor.diame^rsofmeellipticalcross.sectionalprofilecanbeorien^ 

p,„fi,e of the cii spring c*n result in nonuniform electrical contact with wafer .602 
and thus nonuniform electroplating. 

A coil spring having a uniform cross-sectional profile throughout its lengm 
25 canbedifficulttoprodueeandc^prohibitive. As such, in accordance with one 
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aspect of the present invention, spring member 1882 is formed from a plurality of coil 
springs to maintain a substantially uniform cross sectional profile. In one 
configuration of the present embodiment, when spring member 1882 is disposed on 
top of lip portion 1880a ? the applied electric charge is transmitted from lip portion 
5 1 880a throughout the length of spring member 1 882. Accordingly, in this 

configuration, the plurality of coil springs need not be electrically joined. However, 
as alluded to earlier, in another configuration of the present invention, the electric 
charge can be applied directly to spring member 1882. In this configuration, the 
plurality of coil springs is electrically joined using any convenient method, such as 

10 soldering, welding, and the like. In the present embodiment, spring member 1 882 
includes a plurality of coil springs, each coil spring having a length of about 1 to 
about 2 inches. It should be recognized, however, that spring member 1882 can 
include any number of coil springs having any length depending on the particular 
application. Moreover, as alluded to earlier, spring member 1882 can include any 

15 convenient conforming and electrically conducting material. 

With reference to Figs. 50 and 51, spring member 1882 can include a spring 
holder 5002. In the present exemplary embodiment, when spring member 1882 is a 
coil spring, spring holder 5002 is configured as a rod that passes through the center of 
the loops of the coil spring. Spring holder 5002 facilitates the handling of spring 

20 member 1 882, particularly when spring member 1 882 includes a plurality of coil 
springs. Additionally, spring holder 5002 provides structural support to reduce 
undesired deformation of spring member 1 882. In the present exemplary 
embodiment, spring holder 5002 is preferably formed from a rigid material (such as 
metal, metal alloy, plastic, and the like). Additionally, spring holder 5002 is 

25 preferably formed from a corrosion resistant material (such as platium, titanium, 
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stainless steel, - *. M. M« "o.der 5002 can be electrically 
conducting or non-conducting. 

Co-ducting member 1 880 can be formed from any convenient electrically 
conducting and corrosion-resisUm. material. In the present exempt embodiment 
5 conducting member 1880 is formed from a metal or metal alloy (such as titanium, 
sudnless steel, and the like) and coated «dth corrosion-resistan. material (such as 

platinum, gold, and the like). 

An electric charge can be applied to conducting member 1 880 through 
transmission line5104 and electrode 5102. It should be recognized that transmission 
10 line 5104 can include any convenient electrically conducting medium. For example, 
transmission line 5 1 04 can include electric wire formed from copper, aluminum, gold, 
and the like. Additionally, transmission line 5 1 04 can be connected to power supplies 
1640, 1642 and 1644 (Fig. 16) using any convenient method. For example, as 
depicted in Fig. 1 8A, transmission line 5 104 can be run through top section 1 858 and 
15 along the top surface of top section 1858. 

Electrode 5102 is preferably configured to be compliant. Accordingly, when 
pressure is applied to hold bottom section 1856 and top section 1 858 together, 
electrode 5102 conforms to maintain electric contact with conducting member 1880. 
In this regard, electrode 5102 can include a leaf spring assembly, a coil spring 
20 assembly, and the like. Electrode 5102 can be formed from any convenient 

electrically conducting material (such as any metal, metal alloy, and the like). In the 
present exemplary embodiment, electrode 5 1 02 is formed from anti-corrosive material 

(such as titanium, stainless steel, and the like). Additionally, any number of 
electrodes 5102 can be disposed around top section 1 858 to apply an electric 

25 conducting member 1880. In the present exemplary embodiment, four electrodes 
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5 1 02 are disposed approximately equally spaced at an interval of about 90 degrees 
around top section 1858. 

As described above, to electroplate a metal layer, wafer 1602 is immersed in 
an electrolyte solution and an electric charge is applied to wafer 1602. When wafer 
5 1602 is electrically charged with a potential greater than electrodes 1632, 1634 and 
1636 (Fig. 16), metal ions within the electrolyte solution migrate to the surface of 
wafer 1602 to form a metal layer. However, when the electric charge is applied, 
shorting can result if spring member 1882 and/or conducting member 1880 are 
exposed to the electrolyte solution. Additionally, during an electroplating process 

10 when wafer 1602 includes a seed layer of metal, the metal seed layer can act as an 
anode and spring member 1 882 can act as a cathode. As such, a metal layer can form 
on spring member 1882 and the seed layer on wafer 1602 can be electropolished (i.e., 
removed). The shorting of spring member 1 882 and the removal of the seed layer on 
wafer 1602 can reduce the uniformity of the metal layer formed on wafer 1602. 

15 Thus, in accordance with various aspects of the present invention, seal 

member 1 884 isolates spring member 1 882 and conducting member 1 880 from the 
electrolyte solution. Seal member 1884 is preferably formed from anti-corrosive 
material, such as Viton (fluorocarbon) rubber, silicone rubber, and the like. Also, 
although in the present exemplary embodiment depicted in Fig. 51, seal member 1884 

20 includes an L-shaped profile, it should be recognized that seal member 1 884 can 
include various shapes and configurations depending on the particular application. 
Some examples of the various configurations of seal member 1884 are depicted in 
Figs. 53 A to 53G. However, it should be recognized that the various configurations 
depicted in Figs. 53A to 53G are only exemplary and not intended to show each and 

25 every possible alternative configuration of seal member 1 884. 
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As describe above and as depicted in Fi 8 . 51, spring member 1882 and seal 
m ember 1884 contac, wafer 1602 around <he outer perimeter of wafer 1602. More 
particuiariy, spring member 1 882 ^ sea, member 1 884 contact a width 5.06 of the 
outerperimeterofwafer 1602. ,» genera!, mis area of wafer ,602 cannot be used,. 
5 ^formmicroelectronicsuucmreandrhelike. As such, in accordance wM, one 
.pec, of ttepresen, — , width5,06 is main«ai»ed a, a smal, ratio of me overall 
surface area of wafer .602. For example, for about a 300 millimeter (mm) wafer, 
width5106 is kept t<mee„a^2mm.oabou.6mn, I, should be recognized, 
however, that width 5106 can be any ratio of the overall surface a*a of wafer .602 
l0 dependingontheparticularappiication. For example, in one application, me amount 
of m«a, layer deposited on wafer 1602 can be more import man the usab.e area of 
wafer 1602. As such, a large portion of me surface area of wafer 1602 can be 
dedica,ed»c„nUc,ingspri„ 8 memberl882^sealin g member,884,oreceivea 

large applied charge. 

15 Wi.breferencenow.oFig. 54, the processing sups performed by wafer chuck 

160 4 (Fig. 5.) are se, forth in a flow char, format. With reference to Fig. 5., wafer 
chuck .604 is opened (Fig. 54, b,ock 5402, to receive a wafer 1602 to be processed. 
Moreparticulariy.bottom section 1856ca„be lowered relative to, op section 1858. 
Altematively.top section 1858 can be raised relative ,0 bottom section .856. As 

pneumatics, springs, vacuum, magnetics, and me like. 

,f wafer chuck 1604 is empty (Fig. 54, YES branch on Decision Block 5404 ,0 
B 1 ock5408,,me»anewwafer.602,whichis ra beprocessed,Uprovidedorinse«ed 

(Fig. 54, block 5408). However, if wafer chuck 1604 —s a wafer, which has 

25 ^^yv^^^*^^'*™"^*™ 
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wafer chuck 1604 (Fig. 54, NO branch on Decision Block 5404 to Block 5406), then 
the new wafer 1602 is provided (Fig. 54, block 5408. As described above, the 
handling of wafer 1602 can be performed by a robot 106 (Fig. 16). Also, wafer 1602 
can be obtained from a wafer cassette 116 (Fig. 3) and returned to wafer cassette 1 16 
5 (Fig. 3). 

After wafer 1602 is provided within wafer chuck 1604, wafer chuck 1604 can 
be closed (Fig. 54, block 5410). As alluded to above, bottom section 1856 can be 
raised relative to top section 1858. Alternatively, top section 1 858 can be lowered 
relative to bottom section 1856. As described above, when wafer chuck 1604 is 
10 closed, spring member 1 882 forms an electrical contact with wafer 1 602 and 

conducting member 1880. Additionally, conducting member 1880 forms an electrical 
contact with electrode 502. 

After wafer chuck 1604 is closed, wafer chuck 1604 is lowered (Fig, 54, block 
5412) within electrolyte solution receptacle 1608 (Fig. 16). As described above, 
15 wafer 1602 is then immersed in an electrolyte solution. Also, as described above, seal 
member 1884 prevents the electrolyte solution from coming into contact with spring 
member 1882 and conducting member 1880. 

When wafer 1602 is immersed in the electrolyte solution, an electric charge is 
applied to wafer 1602 (Fig. 54, block 5414). More particularly, in the present 
20 exemplary embodiment, an electric charge is applied to wafer 1602 through 

transmission line 504, conductor 502, conducting member 1880, and spring member 
1882. As described above, spring member 1882 forms a plurality of contact points 
around the outer perimeter of wafer 1602 to facilitate a more even distribution of the 
electric charge applied to wafer 1602. Additionally, as described above, spring 
25 member 1 882 forms a plurality of contact points with conducting member 1 880 to 
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facilitate a more even disuibution * *• *«* charge applied to spring member 
1882 . 1, should be recognized that the electiic charge can be applied either before or 
after wafer chuck 1602 is lowered into electrolyte solution receptacle 1608 (Fig. 16). 
As aUuded to earlier, wafer chuck 1604 can be rotated to facilitate a more even 
5 ele«roplatingo f *eme«allavero»»af,r.602(Fig.l6). As depicted in Fig. 16, in 

Additionally, wafer chuck 1604 can be oscillated in the x-y plane. 

With referee again to Fig. 51. after wafer 1602 has been electroplated and/or 
demolished, wafer chuck 1604 can then be raised (Fig. 54, block 5416) ftom 
10 electrolytesolu.ionrecep^cleieOSCFig.lW. in accord*™ with another aspect of 
me present invention, a dry gas (such as argon, nitrogen, and the like)is applied to 
remove residual elecuolyte solution. More particularly, with reference to Fig. 52A, 
me dry gas is applied through nozzle 5202 to remove residual electrolyte from the 
joint between seal member 1 884 and wafer 1 602. It should be recognized that any 
, 5 number of nozzles 5202 can be used depending on the particular application. 

Additionally, wafer chuck 1604 can be rotated while the dry gas is applied through 
nozzle 5202. As such, nozzle 5202 can be frxed or moveable. 

After wafer chuck 1604 has been raised, wafer chuck 1604 is opened (Fig. 54, 
block 5402). The processed wafer is then remove* (Fig. 54, NO bmnch on Decision 
20 Block 5404 to Block 5406). A dry gas (such as argon, nitrogen, and the like) cat, be 
applied to remove residud election solution. More particularly, with reference to 
Fig. 52B, the dry gas is applied through nozzle 5204 ,0 remove residual electiolyte 
ftom conducting member 1880, spring member 1882, and seal member 1884. 
Additionally, wafer chuck 1604 can be rotated while the do, gas is applied through 
25 nozzle 5204. As such, nozzle 5204 can be fixed or moveable. 
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After a new wafer is provided (Fig. 54, block 5408), the entire process can be 
repeated. It should be recognized, however, that various modifications can be made 
to the steps depicted in Fig. 54 without deviating from the spirit and scope of the 
present invention. 

5 In the following description and associated drawing figures, various 

alternative embodiments in accordance with various aspects of the present invention 
will be described and depicted. It should be recognized, however, that these 
alternative embodiments are not intended to demonstrate all of the various 
modifications, which can be made to the present invention. Rather, these alternative 
1 0 embodiments are provided to demonstrate only some of the many modifications, 
which are possible without deviating from the spirit and/or scope of the present 
invention. 

With reference now to Fig. 55, in an alternative exemplary embodiment of the 
present invention, a wafer chuck 5500 according to various aspects of the present 

1 5 invention includes a purge line 5506, a nozzle 5508 and a nozzle 55 1 0. In the present 
exemplary embodiment, purge line 5506 and nozzles 5508 and 5510 inject a dry gas 
(such as argon, nitrogen, and the like) onto spring member 5514 and seal member 
5504. In this manner, after wafer 1602 is processed, residual electrolyte can be 
purged from spring member 5514 and seal member 5504. As described above, 

20 maintaining spring member 5514 free of electrolyte solution facilitates a more 

uniform electroplating process. Additionally, purging electrolyte solution from seal 
member 5504 facilitates a better seal when the next wafer is processed. As depicted 
in Fig. 55, in the present exemplary embodiment, purge line 5506 and nozzles 5508 
and 5510 are formed in conducting member 5502. Additionally, purge line 5506 can 

25 be connected to pressure line 1 852 (Fig. 1 8A). It should be recognized, however, that 
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wtfer chuck 5500 can be suitably configured with purge line 5506 and nozzles 5508 
^SSlOtaavarie.yofmanners^ou.devU.ingftomfespin.and/orsa.peofAe 

Unes 5506, nozzle, 5508 and nozzles 5510 can be formed in wafer chuck 5500. 
j With reference now .0 Fig. 56, in anorher alternadve exemplary embodiment 

of me present invention, a wafer chuck 5600 according to various aspects of the 
p^n, invention includes a purge line 5602 andaplumlity of nozzles 5604. Inthe 
present exemplary embodiment, purge *. 5602 and plurality of nozzles 5604 inject a 
dry gas (such as argon, nitrogen, and the like) onto seal member 5606. In this 
,„ mamter.afterwafer ,602 is processed and removed ,0m wafer chuck 5600, residua, 
e.ectro.yteconbepurged fromthetopof sea, member 5606. As depicted in F.g. 56, 
in me present exemplary embodiment, purge ,ine 5602 and plurality of nozzles 5604 
^ formed intop section 5608. U should be recognized, however, that wafer chuck 
5600 can be suitably configured in a vane* manner with purge line 5602 and 
,5 ptaraiity of nozzles 5604 without deviating from the spirit and/or scope of the present 
invention. Furmermore, i, should be recognized mat any number of purge lines 5602 
and nozzles 5604 can be formed in wafer chuck 5600. 

With reference now to Fig. 57, in still another alternative exemplary 
e.nbodimentofmepresentmvention.awafer chuck 57W acting to various 
20 aspecfc of me present invention includes a purge Hne 5702 and a plurality ofnozz.es 
5704 and 5710. ft, the present exemplary embodiment, purge Une 5702 and ph-hty 
„f nozz.es 5704 and 57,0 inject a dry gas (such as argon, ntaogen, and the like) orUo 
sea, member 5706 and spring member 57,2, respective*, ft, this manner, after wafer 

25 pur gedfto m me W psofse a ,mem le r5706andspn»gmember57,2. Asdepi«edin 
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Fig. 57, in the present exemplary embodiment, purge line 5702 and plurality of 
nozzles 5704 and 5710 are formed in top section 5708. It should be recognized, 
however, that wafer chuck 5700 can be suitably configured in a variety of manners 
with purge line 5702 and plurality of nozzles 5704 and 5710 without deviating from 
5 the spirit and/or scope of the present invention. Furthermore, it should be recognized 
that any number of purge lines 5702 and nozzles 5704 and 5710 can be formed in 
wafer chuck 5700. 

With reference now to Fig. 58, in yet another alternative exemplary 
embodiment of the present invention, a wafer chuck 5800 according to various 
10 aspects of the present invention includes a purge line 5802 and a plurality of seal rings 
5804 and 5806. In the present exemplary embodiment, seal ring 5806 forms a seal 
between conducting member 5808 and bottom section 5810. Similarly seal ring 5804 
forms a seal between conducting member 5808 and top section 5812. As a result, by 
feeding positive pressure gas into purge line 5802 and checking for leakage, the seal 
1 5 quality between wafer 1 602 and seal member 58 1 4 can be checked. Alternatively, 
purge line 5802 can be pumped to generate negative pressure to check the seal quality 
between wafer 1602 and seal member 5814. If this latter process is used, to prevent 
electrolyte from being sucked into purge line 5802, the pumping of purge line 5802 
should cease after processing of wafer 1602, then positive pressure should be injected 
20 through purge line 5802 prior to removing wafer 1602. After wafer 1602 is processed 
and removed from wafer chuck 1200, by injecting a dry gas (such as argon, nitrogen, 
and the like) through purge line 5802, residual electrolyte can be purged from spring 
member 5816 and seal member 5814. 

With reference now to Fig. 59, in still yet another alternative exemplary 
25 embodiment of the present invention, a wafer chuck 5900 according to various 
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aspects ofthe present invention includes a seal member 5902 having a trapezoidal 
shape. Whenwaterohuck5900isrota.edatlerprocessingofwafer 1602, <he 
^idal shape of seal member 5902 facilitates the removal of residua, electrolyte 
from seal member 5902. to the present exemplary embodiment, angle 5904 of seal 
5 member 5902 can rang, between about 0 degrees to about 60 degrees, and preferably 
about 20 degrees. 

With reference now to Fig. 60, in another alternative exemplary embodiment 
of the present invention, a wafer chuck 6000 according to various aspects of the 
present invention includes a purge line 6002. In the present exemplary embodiment, 
10 purge line 6002 is formed through bottom section 6006 and seal member 6004. By 
feeding positive pressure gas through purge line 6002, the seal quality between wafer 
16 02 and seal member 6004 can be checked. Alternatively, purge line 6004 can be 
pumped to generate negative pressure to check the seal quality between wafer 1602 
and seal member 6004. As noted above, if this latter process is used, to prevent 
1 5 electrolyte from being sucked into purge line 6002, the pumping of purge line 6002 

through purge line 6002 prior to removing wafer 1602 

With reference now to Fig. 61, in still another alternative exemplary 
emb odiment of the present invention, a wafer chuck 6100 according to various 
20 aspectsofthepresen^^^ 

plurality of seal rings 6116 and 6104. In the present exemplary embodiment, seal ring 
61 16 forms a seal between conducting member 61 18 and top section 6110. Similarly 
seal ring 6104 forms a seal between conducting member 6118 and bottom section 
6106. Asaresult, theseal quality between wafer 1602 and seal member 6112 can be 
25 checked using purge line 6102 and/or purge line 6108. 
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More particularly, in one configuration, the seal quality can be checked by 
feeding pressure gas into purge line 6102 and purge line 6108 and checking for 
leakage. In another configuration, purge line 6102 and purge line 6108 can be 
pumped to generate negative pressure to check the seal quality between wafer 1602 
5 and seal member 61 12. In still another configuration, either purge line 6102 or purge 
line 6108 can be fed with pressure while the other is pumped to generate negative 
pressure. When negative pressure is used to check for leakage, to prevent electrolyte 
from being sucked into purge line 6102 and/or purge line 6108, pumping should cease 
after processing of wafer 1602, then positive pressure should be injected through 

1 0 purge line 6 1 02 and/or purge line 6 1 08 prior to removing wafer 1 602. After wafer 
1602 is processed and removed from wafer chuck 6100, by injecting a dry gas (such 
as argon, nitrogen, and the like) through purge line 6102 and/or purge line 6108, 
residual electrolyte can be purged from seal member 61 12 and spring member 61 14. 
With reference now to Fig. 62, in another alternative exemplary embodiment 

15 of the present invention, a wafer chuck 6200 according to various aspects of the 
present invention includes a spring member 6208, a conducting member 6210 and a 
seal member 6206. In the present exemplary embodiment, spring member 6208 and 
conducting member 6210 are disposed within seal member 6206. This configuration 
has the advantage that spring member 6208, conducting member 6210, and seal 

20 member 6206 can be pre-assembled. 

Wafer chuck 6200 further includes a purge line 6214 and a plurality of nozzles 
6212 formed through seal member 6214 and conducting member 6210. By feeding 
positive pressure gas through purge line 6214, the seal quality between wafer 1602 
and seal member 6206 can be checked. Alternatively, purge line 6214 can be pumped 

25 to generate negative pressure to check the seal quality between wafer 1602 and seal 
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^r^.Asno.edabovcif^lan.rproc^isu^^vca.e,^ 
ftonWn8 suc k ed to .op« g e«ne62 1 4>epu I »p i n 8 . t pur g e 1 i n e62 1 4 S hou 1 6c«s= 

purge lire 6214 priorto removing wafer 1602 
5 with reference now to Fig. 63, in still another alternative exemplary 

and ap,urali W ofnoxz,es6304.Inthepre OT texemp,^ OT bc< i in«,purge ta 
6302 andp,u^i V of nobles 6304 mjec.adrygas^hasa^on.nit.gen.andme 

, M onto seal member 63.0, conducting member 6308, and spring member 6306. In 
mis manner, anerwafer ,602 is processed and ^=4^^*0*6300, 
^dualeiectrolytecan be pu*ed from the tops of seal member 63,0, conduct 
m ember630S,a»dsprm g »ember6306.Asdepic K di.Fi g .63,inu,ep re se« 

exemplary embodiment purge iine 6302 and plurality of n 0Z zles 6304 are formed -n 
wps «ion63 1 2.Itshouldberecog„ized,however,«»aferchucK6300canbe 

15 suitably configured in a variay of manners with purge ,ine 6302 and plurality o, 

F »„i, S n„u,dbcreco g nizedu B ,an y numberofpurge to 6302andno^s 

6304 can be formed in wafer chuck 6300. 

With reference now to Fig. 64, in ye. another alternative exemplary 

6402 tatheptesentexemplary embodiment, seal member 6402 is formed with a 
sq uare intertor groovefor receiving spring member 6404. 1* conf.gura.on has me 

25 particular application. 
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With reference now to Fig. 65, in still another alternative embodiment of the 
present invention, a wafer chuck 6500 according to various aspects of the present 
invention includes a purge line 6502, a purge line 6508, and a seal ring 6506. In the 
present exemplary embodiment, seal ring 6506 forms a seal between bottom section 
5 6504 and top section 6510. As a result, the seal quality between wafer 1602 and seal 
member 6512 can be checked using purge line 6502 and/or purge line 6508. 

More particularly, in one configuration, the seal quality can be checked by 
feeding pressure gas into purge line 6502 and purge line 6508 and checking for 
leakage. In another configuration, purge line 6502 and purge line 6508 can be 
10 pumped to generate negative pressure to check the seal quality between wafer 1602 
and seal member 6512. In still another configuration, either purge line 6502 or purge 
line 6508 can be fed with pressure while the other is pumped to generate negative 
pressure. When negative pressure is used to check for leakage, to prevent electrolyte 
from being sucked into purge line 6502 and/or purge line 6508, pumping should cease 
15 after processing of wafer 1 602, then positive pressure should be injected through 
purge line 6502 and/or purge line 6508 prior to removing wafer 1602. After wafer 
1602 is processed and removed from wafer chuck 6500, by injecting a dry gas (such 
as argon, nitrogen, and the like) through purge line 6502 and/or purge line 6508, 
residual electrolyte can be purged from seal member 6512 and spring member 6514. 
20 With reference now to Fig. 66, in still yet another alternative exemplary 

embodiment of the present invention, a wafer chuck 6600 according to various 
aspects of the present invention includes a seal member 6602 having a trapezoidal 
shape. When wafer chuck 6600 is rotated after processing of wafer 1602, the 
trapezoidal shape of seal member 6602 facilitates the removal of residual electrolyte 
25 from seal member 6602. In the present exemplary embodiment, angle 6604 of seal 
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w o decrees to about 60 degrees, and preferably 
member 6602 can range between about 0 degrees 

about 20 degrees, 
above. 
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CLAIMS 

1 . A wafer chuck assembly for holding a wafer comprising: 

a wafer chuck having a bottom section and a spring member disposed between 
5 said bottom section and the wafer, wherein said spring member is configured to apply 
an electric charge to the wafer; and 

an actuator assembly configured to move said wafer chuck. 

2. The wafer chuck assembly of claim 1 , wherein said spring member contacts a 
10 portion of the outer perimeter of the wafer, such that the applied electric charge is 

distributed around the portion of the outer perimeter of the wafer. 

3. The wafer chuck assembly of claim 1, wherein said spring member is formed 
from a compliant electrically conducting material. 

15 

4. The wafer chuck assembly of claim 3, wherein said spring member is a coil 
spring formed as a ring. 

5. The wafer chuck assembly of claim 1 , wherein said spring member comprises 
20 a plurality of springs formed as a ring. 

6. The wafer chuck assembly of claim 1 further comprising a top section 
disposed above said bottom section, wherein said top section and said bottom section 
are configured to open to receive the wafer. 

25 

7. The wafer chuck assembly of claim 6 further comprising a conducting 
member disposed between said top section and said bottom section, wherein said 
conducting member is configured to apply an electric charge to said spring member. 

30 8. The wafer chuck assembly of claim 7, wherein said conducting member 
comprises a lip portion, wherein said lip portion contacts the bottom of said spring 
member. 
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^^^^^^ 

andecmc charged ^id conducting member. 
pWi.yofnozde.formedinsaidconduedngmember. 

i>. 

a first seal ring disposed between said top sectum 

10 member; and ^ between said bottom section and said conducting 

a second seal ring disposed between saiu 

member. 

15 pteuity of nozzles formed in said, op secuon. 

f c hu* assembly of claim 6, wherein said actuator assembly is 
„. Tbewafere^-m y ^ ^ a ^d position, 

configured to move said water cnm* 

Iccud^idropsecnonandsaidbonomsecrionioopenandroclos 
chuck. 



25 



»- szzz 

^^said^sectionandsaidbcnomsecnon^ 
1 andwsaidsecondposition,respecnvely. 



to said first position J 



30 

^tingdisposedbe^saidsecondendofsaidrodandsaidtopseedon. 



a!. 
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1 7. The wafer chuck assembly of claim 1 6, wherein said spring extends to engage 
said top section with said bottom section when said wafer chuck is moved to said 
second position. 

5 18. The wafer chuck assembly of claim 1 6, wherein said rod separates said top 
section from said bottom section and said spring is compressed between said second 
end of said rod and said top section when said wafer chuck is moved to said first 
position. 



10 19. The wafer chuck assembly of claim 1 6 further comprising: 

a shaft having a first and a second end, said first end fixed to said top section; 

and 

a bracket connected to said second end of said shaft. 



1 5 20. The wafer chuck assembly of claim 1 9, wherein said actuator assembly 
comprises: 

a guide rail; 

a lead screw connected to said bracket; and 

a motor connected to said lead screw, wherein said motor turns said lead screw 
20 to move said bracket along said guide rail to move said wafer chuck between said first 
position and said second position. 

21 . The wafer chuck assembly of claim 20 further comprising a lid disposed 
between said top section and said bracket, said lid having a shaft hole to permit said 

25 shaft to slide relative to said lid when said wafer chuck is moved between said first 
position and said second position. 

22. The wafer chuck assembly of claim 2 1 , wherein said second end of said rod 
contacts said lid when said wafer chuck is moved to said first position to stop the 

30 movement of said bottom section while said top section continues to move relative to 
said bottom section by compressing said springs between said top section and said 
second end of said rod. 
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disposed between said bottom section 

a seal between said bottom section and the wafer. 

f 91 wherein said seal member has an L- 
5 24 . The wafer chuck assembly of claim 23, wherein 

shaped profile. 

t i-;™-?-* wherein said seal member has a 
25 . The wafer chuck assembly of claim 23, wherein 

trapezoidal profile. 

10 u, n fH a im23furthercomprisingapurgelineformed 

26 The wafer chuck assembly of claim 23 rurme 

insaidbottomsectionandthroughsaidsealingmember. 
15 from a synthetic rubber. 

^te is disposed on top of said conducing member. 
20 , ^vofelaimlSrunhercompristoBapurgelineformed 

^^dbonomsecuonandtoughs.dsea.men-berandsa 

member. 

^memberhasa^prometoreceivesaidspHngmember. 

31 A wafer chuck assembly for holding a wafer comprising: 
a «fer chuck confgurei.oopenand.oclose; and 

closed when in said second position. 

3 , ^^erchuckassemb.ofcUimSl.whe.ei.saidwaferchuckcompri.s: 
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a top section; and 

a bottom section having an opening to expose the surface of the wafer when 
held between said top section and said bottom section. 

5 33. The wafer chuck assembly of claim 32, wherein said wafer chuck further 
comprises a spring member disposed between said bottom section and the wafer, 
wherein said spring member is configured to apply an electric charge to the wafer. 

34. The wafer chuck assembly of claim 33, wherein said spring member contacts a 
0 portion of the outer perimeter of the wafer, such that the applied electric charge is 

distributed around the portion of the outer perimeter of the wafer. 

35. The wafer chuck assembly of claim 33, wherein said spring member is a coil 
spring. 

5 

36. The wafer chuck assembly of claim 35, further comprising a spring holder 
disposed within said coil spring.. 

37. The wafer chuck assembly of claim 33, wherein said wafer chuck further 

0 comprises a conducting member disposed between said top section and said bottom 
section, wherein said conducting member is configured to apply an electric charge to 
said spring member. 

38. The wafer chuck assembly of claim 33, wherein said wafer chuck further 
5 comprises a seal member disposed between said bottom section and the wafer, 

wherein said seal member forms a seal between said bottom section and the wafer. 

39. The wafer chuck assembly of claim 32, further comprising a spring assembly 
to open and to close said wafer chuck. 

) 

40. The wafer chuck assembly of claim 39, wherein said spring assembly 
comprises: 

a rod having a first and a second end, said first end fixed to said bottom 
section; and 
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chuck is moved to said first position. 

10 second position. 

section when said wafer chuck is closed. 
15 , vWclaim43 wherein said top section is configured 

with a vacuum line to appiy a vauu 

chan*e,»hensaid wafer chuck is in said second posmon. 

20 45 . ^ w *c h nc ll asse mWy o f c,a tal 3 2 ,w te eins,d M psec t ioni S con fi ^ 
with a pressure gas line. 

f r chuck assembly of claim 32, wherein said top section and said 

25 47 . 

a shaft having a fte< and a second end, sa.d fns. end 

section; and . ft 

a tacke, connect to said second end of sad shaft. 

30 /• i • Ai therein said actuator assembly 

48. The wafer chuck assembly of claim 47, wherem wa 

comprises: 

a guide rail; 

a lead screw connected to said bracket; and 
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a motor connected to said lead screw, wherein said motor turns said lead screw 
to move said bracket along said guide rail. 

49. The wafer chuck assembly of claim 48, wherein said actuator assembly further 
5 comprises: 

a second bracket connected between said first bracket and said lead screw; and 
a plurality of joints disposed between said first bracket and said second 
bracket. 

1 0 50. The wafer chuck assembly of claim 49, wherein said plurality of joints are 
universal joints. 

51. The wafer chuck assembly of claim 47 further comprising a rotating assembly 
configured to rotate said wafer chuck. 

15 

52. The wafer chuck assembly of claim 5 1 wherein said rotating assembly rotates 
said wafer chuck at between about 5 revolutions per minute and about 5000 
revolutions per minute. 

20 53. The wafer chuck assembly of claim 5 1 wherein said rotating assembly 
comprises: 

a drive belt connected to said shaft; and 
a motor connected to said drive belt. 

25 54. The wafer chuck assembly of claim 5 1 further comprising a bearing disposed 
between said shaft and said bracket. 

55. The wafer chuck assembly of claim 51 further comprising a slip-ring assembly 
connected to said bracket. 

30 

56. The wafer chuck assembly of claim 55 wherein said slip-ring assembly is 
configured to deliver an electric charge to said shaft. 
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57 The wafer chuck assembly of * 56 wherein said slip-ring assembly 
said shaft is rotating. 

5 58 ThewaferctackassemblyofclainrSSwhereinsaidslip-nngassemblyU 
Iguredtodeliveravacu^ and/or a rednced pressure gas and/or a pressured ^ 
Into at least one inlet formed in said shaft. 

59 . The wafer chuck assembly of claim 58 wherein said slip-ring assembly 

10 comprises: 

a, least one inlet formed in said slip-ring assembly; and 
.p.urali^ofsealsdisT.sedbe^nsaidslip-rtnsassemblyands.dshaft^ 

form a, ,1 one sealed cavity between said inle, formed in said slip-ringand sard 

inlet formed in said shaft. 

15 60 A wafer chuck assembly for holding a wafer comprising: 

awaferchuckhavinBa.opseetionandahottomsectton;a„<l 

20 ^u.opensaidwaferchuckwheninsaidload.ngposmon.andareengag 
close said wafer chuck when in said processing posmon. 
61 ThewaferchuekassemhlyofclaimeOfurtecomprisingaspringassembly 
configured separate and,, engage said top secuon and bottom secuon. 
O. Thewaferchuckassemb.yofcWmai.whereineachofsaidspringa^nb.y 

Trod having a first and a second end, said firs, end engaged to said bottom 
Spring disposedbetween said second end of said rod and said top secuon. 
63 Tnewaferchuckass.n*.yofcU,im«2,whereinsaidspringext=»ds toM gage 

processing position, and wherein said rod sepals sard top seouon from 

JO. 



25 



comprises: 



section; 
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section to compress said spring between said second end of said rod and said top 
section when said wafer chuck is moved to said loading position. 

64. The wafer chuck assembly of claim 63, wherein said wafer chuck further 

5 comprises a vacuum chamber formed between said top section and bottom section. 

65. The wafer chuck assembly of claim 64, wherein said top section is configured 
with a vacuum line to apply a vacuum and/or a reduced pressure gas to said vacuum 
chamber when said wafer chuck is in said processing position. 

0 

66. The wafer chuck assembly of claim 60 further comprising: 

a shaft having a first and a second end, said first end fixed to said top section; 

and 

a bracket connected to said second end of said shaft. 

5 

67. The wafer chuck assembly of claim 66, wherein said actuator assembly 
comprises: 

a guide rail; 

a lead screw connected to said bracket; 
3 a motor connected to said lead screw, wherein said motor turns said lead screw 

to move said bracket along said guide rail. 

68. The wafer chuck assembly of claim 67, wherein said actuator assembly fiirther 
comprises: 

5 a second bracket connected between said first bracket and said lead screw; and 

a plurality of joints disposed between said first bracket and said second 
bracket. 

69. The wafer chuck assembly of claim 68, wherein said plurality of joints are 
) universal joints. 

70. The wafer chuck assembly of claim 66 further comprising a rotating assembly 
configured to rotate said wafer chuck. 
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• -a rotating assembly rotates 

... — — ssr^-- 

saidW afer chuck at between aboutSte 
revolutions per minute. 

„ ' 

1 .etweensaidshaftandsaidbracke, 

WvofclaimTOfurthercomprisingaslip-nng 
74 . The wafer chuck assembly of clatm 

assembly. 

connected to said bracket. 

, f Uim 74 herein said slip-ring assembly « 

said shaft is rotating. 

• j c i: ri . r ine assembly is 
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a plurality of seals disposed between said slip-ring assembly and said shaft to 
form at least one sealed cavity between said inlet formed in said slip-ring and said 
inlet formed in said shaft. 

5 80. A wafer chuck assembly for holding a wafer comprising: 
a wafer chuck; 

a spring assembly configured to open and to close said wafer chuck; and 

an actuator assembly configured to move said wafer chuck between a first and 

a second position, wherein said spring assembly opens said wafer chuck when said 
10 wafer chuck is moved to said first position and closes said wafer chuck when said 

wafer chuck is moved to said second position. 

8 1 . The wafer chuck assembly of claim 80, wherein said wafer chuck comprises: 
a top section; and 

15 a bottom section having an opening to expose the surface of the wafer when 

held between said top section and said bottom section. 

82. The wafer chuck assembly of claim 81 , wherein said spring assembly 
comprises: 

20 a rod having a first and a second end, said first end fixed to said bottom 

section; and 

a spring disposed between said second end of said rod and said top section. 

83. The wafer chuck assembly of claim 82 further comprising: 

25 a shaft having a first and a second end, said first end coupled to said top 

section; and 

a bracket connected to said second end of said shaft. 



84. The wafer chuck assembly of claim 83, wherein said actuator assembly 
30 comprises: 

a guide rail; 

a lead screw connected to said bracket; 

a motor connected to said lead screw, wherein said motor turns said lead screw 
to move said bracket along said guide rail. 
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10 



15 



f huckassemblyofclaimSSfurthercomprisingahdd.sposed 

betW eensaidtopsect 1 onandsa 1 dbracke^ ^ ^ 

shaft to sliderelative to said lid^heasaad wafer chucks 

position and said second position. 

eo^saidlid w^s^d wafer chu^sm ^^^^ 

. i. r«r.rc<!<5ine said spnng between s<uu y 
said bottom section by compressing saia P 

second end of said rod. 

lpto Ay ofjoints ^between «d«l«W - 



;are 



ai 
bracket. 

20 universal joints. 

configured to rotate said wafer chuck. 

u, f ,«« 89 wherein said rotating assembly rotates 

- l^SS 

revolutions per minute. 



91. The 
30 comprises: 



a drive belt connected to said shaft; and 
a motor connected to said drive belt. 
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92. The wafer chuck assembly of claim 89 further comprising a bearing disposed 
between said shaft and said bracket. 



93, The wafer chuck assembly of claim 89 further comprising a slip-ring 
5 assembly. 

94. The wafer chuck assembly of claim 93 wherein said slip-ring assembly is 
connected to said bracket 



10 95. The wafer chuck assembly of claim 93 wherein said slip-ring assembly is 
configured to deliver an electric charge to said shaft. 

96. The wafer chuck assembly of claim 95 wherein said slip-ring assembly 
comprises a brush assembly configured to apply the electric charge to said shaft while 

1 5 said shaft is rotating. 

97. The wafer chuck assembly of claim 93 wherein said slip-ring assembly is 
configured to deliver a vacuum, reduced pressure gas, and/or a pressurized gas into at 
least one inlet formed in said shaft. 

20 

98. The wafer chuck assembly of claim 97 wherein said slip-ring assembly 
comprises: 

at least one inlet formed in said slip-ring assembly; 

a plurality of seals disposed between said slip-ring assembly and said shaft to 
form at least one sealed cavity between said inlet formed in said slip-ring and said 
inlet formed in said shaft. 



99. The wafer chuck assembly of claim 97 wherein said shaft is formed with at 
least one channel to carry vacuum, reduced pressure gas, or pressurized gas from said 
at least one inlet in said shaft to said top section. 

1 00. An electroplating and/or electropolishing cell for electroplating and/or 
electropolishing a wafer in an electrolyte solution comprising: 

a wafer chuck for holding the wafer; 
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i for receiving the electrolyte solution; and 

electrolyte receptacle <wipnses: 

afi[ stsectionw*,and second section walls divide 

. second section wall, wheiem ^d fct ano S a, 
W Xec^etecep^eintoatieastdtteesecuons. 

102. ^^^Ztl^^^ 

and second section walls. 
20 . ^electropolishingcenofclaimlOS^hereinsaid 

wa fer chuck assembly posxuons the wafer le 
electrolyte solution. 

107 . 

30 wafer chuck comprises: 

, ^'^tL*.-*-«»«*- < •■* ,or,, " ,, * , *" 

a bottom section having* y 

■a ««n section and said bottom section, 
held between said top section 
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1 08. The electroplating and/or electropolishing cell of claim 107, wherein said 
wafer chuck further comprises a spring member disposed between said bottom section 
and the wafer, wherein said spring member is configured to apply an electric charge 
to the wafer. 

5 

109. The electroplating and/or electropolishing cell of claim 108, wherein said 
spring member contacts a portion of the outer perimeter of the wafer, such that the 
applied electric charge is distributed around the portion of the outer perimeter of the 
wafer. 

10 

1 10. The electroplating and/or electropolishing cell of claim 108, wherein said 
wafer chuck further comprises a conducting member disposed between said top 
section and said bottom section, wherein said conducting member is configured to 
apply an electric charge to said spring member. 

15 

111. The electroplating and/or electopolishing cell of claim 1 10, wherein said wafer 
chuck further comprises a seal member disposed between said bottom section and the 
wafer, wherein said seal member forms a seal between said bottom section and the 
wafer to isolate said spring member and said conducting member from the electrolyte 

20 solution. 

1 12. The electroplating and/or electropolishing cell of claim 1 07, wherein said 
wafer chuck assembly further comprises a spring assembly configured to open and to 
close said wafer chuck. 

25 

113. The electroplating and/or electropolishing cell of claim 1 12, wherein said 
spring assembly comprises: 

a rod having a first and a second end, said first end engaged to said bottom 
section; and 

30 a spring disposed between said second end of said rod and said top section. 

114. The electroplating and/or electropolishing cell of claim 113, wherein said rod 
separates said top section from said bottom section and said spring is compressed 
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moved to said first position. 

chuck is moved to said second position. 

n6 . THeeiec^pU^and/oreiec^ngcenofc^.OT.w^insaid 

„afer chuck assembly farther comprises: 
10 ashaf.havingafirs.andasecondend.s.udfirs.endfixdto^ 

a bra cke, connected ,0 said second end of said shaft; and 
. actuator assembiy connect to said bracket for movtng satd wafer chuck 
between said first and said second position. 

actuator assembly comprises: 
a guide rail; 

a tod screw connected to said bracket; and 

amotorconnectedtosaidlead screw, where* said motortumssatd lead screw 



20 



25 



30 



to move said bracket along said guide rail. 

wafer chuck ass«nbly further comprises a rotafng assembly configur 

wafer chuck. 

119 . jtoe*^^*"^***" 1 -*'*"* 

rotating assembly comprises: 

a drive belt connected to said shaft; and 
a motor connected to said drive belt. 

120 . ^^^^^^^ 
comprising a slip-ring assembly connected to sad bracket, wn 

within said slip-ring assembly. 
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121 . The electroplating and/or electropolishing cell of claim 120, wherein said slip- 
ring assembly is configured to deliver an electric charge to said shaft. 

122. The electroplating and/or electropolishing cell of claim 121, wherein said slip- 
5 ring assembly comprises a brush assembly configured to apply the electric charge to 

said shaft while said shaft is rotating. 

123. The electroplating and/or electropolishing cell of claim 120, wherein said slip- 
ring assembly is configured to deliver a vacuum, reduced pressure gas, and/or 

1 0 pressurized gas into at least one inlet formed in said shaft. 

1 24. The electroplating and/or electropolishing cell of claim 1 23, wherein said slip- 
ring assembly comprises: 

at least one inlet formed in said slip-ring assembly; 
1 5 a plurality of seals disposed between said slip-ring assembly and said shaft to 

form at least one sealed cavity between said inlet formed in said slip-ring assembly 
and said inlet formed in said shaft. 

125. The electroplating and/or electropolishing cell of claim 120, further 

20 comprising a first adjustment assembly configured to adjust the orientation of said 
bracket to slip-ring assembly. 

126. The electroplating and/or electropolishing cell of claim 125, wherein the 
orientation of said bracket to said slip-ring is perpendicular. 

25 

127. The electroplating and/or electropolishing cell of claim 1 25, wherein said first 
adjustment assembly comprises: 

a plurality of set screws; and 
a plurality of adjustment screws. 

30 

128. The electroplating and/or electropolishing cell of claim 125, further 
comprising a second adjustment assembly configured to adjust the orientation of said 
shaft to said top section. 
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,» ^accuopUHnsana/or^poUs^ceUofOain, ,28, wherein the 
orientation of said shaft to said top section petpendtcolar. 

,30 Ttaeiecttoplanngand/orelecttopolishingceUofcWtn ,29, wherein the 
5 ^ofJtop^on.saidsn^.andsaidsUp.ri.ass^atecen^ 

and co-axial. 

13 , ^elctroplatingand/orelectropolis^ 

second adjustment assembly comprises: ^ 
10 a set screw connecting said top section to saxd shaft, Sai d set screw 

thecenterofsaidtopsectionandsaidshaft;-and 

apiurality of adjustment screws connecting saidtop section to sa«i shaft, sarf 
plurality of adjustment screws disposed around said set screw. 

15 13 2. Anelectroplatmg^^ 
electropolishing a wafer comprising: 

^ expiating and/or elecuopolishing ceU having an electron soluUon 

- ~r=== r= ==== 

said second position. 

expiating and/or electropolishing cell further compnses: 
awafcrchuckforholdingthewafer,and 

^erchucic assembly for moving said wafe.chncic^af.tstanda 
30 secondpositonvvhensaidlidisinsaidfirstposition. 

134 -a, electroplating and/or e,e«ropo,ishing stadon of Cairn 133. - 
Icn^as^Hvopenssaid^ercnnc^nensaidwafercnucittsmsatd^ 
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position and closes said wafer chuck when said wafer chuck is in said second 
position. 

135. The electroplating and/or electropolishing station of claim 132 further 
5 comprising at least two electroplating and/or electropolishing cells. 

136. The electroplating and/or electropolishing station of claim 135, wherein said at 
least two electroplating and/or electropolishing cells are stacked vertically on said 
frame. 

10 

137. The electroplating and/or electropolishing station of claim 1 32, wherein said 
lid retraction assembly comprises: 

a guide rail attached to said lid and said frame; and 
an actuator attached to said guide rail configured to move said lid between 
1 5 said first and said second position. 

138. The electroplating and/or electropolishing station of claim 1 37, wherein said 
actuator is an air cylinder. 

20 139. The electroplating and/or electropolishing station of claim 1 07, wherein said 
wafer chuck further comprises a textured pad attached to said top section. 

1 40. A method of holding a wafer during electroplating and/or electropolishing of 
the wafer, said method comprising: 

25 providing the wafer within a wafer chuck; 

moving the wafer chuck using said wafer chuck assembly between a first 
position and a second position, wherein said wafer chuck is open when in said first 
position and closed when in said second position, wherein said wafer chuck is 
disposed within an electrolyte solution receptacle when in said second position. 

30 

141 . The method of claim 140 further comprising: 

applying an electrolyte solution to the wafer when said wafer chuck is in said 
second position; and 
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^.Si— — *— 

perimeter of the wafer. 

5 142 . Theme* o a Mmplialll eleOli0 al., conducting ^ 

stepofapplyinganelectnccnarge r . tatiUMsihe electric charge 

herein said compliant electrically conduce matenal MM. «- 
around the outer perimeter of the water. 

, 0 , 43 . ^ M U^U2,^^^^^'^ 

spring. 

144 . Themethodofclaim ,42,^^ spring n^mher comprises a p^ 

of coil springs. 

145. The memo electto lyte solution using a seal member 
electrically conducting matenal from the electron 

prior to moving said wafer chuck to said second posmou. 

20 ,40. * — — — 
^formedby said seal member prior to movtng satd wafer chuc 

position. 

14 , ^emodofcla^ 
chuck using said wafer chuck assembly. 

the step of moving the wafer 
ioTafter applying said charge to electroplate and/or 
electropolish the wafer. 



25 



148. The method of claim 145 further comprising 
chuck to said first position 



30 ,4, ^of^U^^^^^ 
chuck to said first position. 
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150. The method of claim 148 further comprising the steps of: 
opening the wafer chuck to remove the wafer using said wafer chuck 

assembly; and 

removing the wafer from the wafer chuck. 

151. The method of claim 150 further comprising the step of injecting a dry gas to 
remove residual electrolyte solution form the wafer chuck after removing the wafer 
from the wafer chuck. 



10 
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